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EXECUTIVE SUMMARY

The mission of the Tank Waste Remediation System (TWRS) Project is to provide safe
storage and management of past and future tank waste; retrieval, treatment, and disposal of
the waste; decontamination and disposal of TWRS facilities; and final closure of the tanks. To
reduce the potential for additional contamination to the environment, the U.S. Department of
Energy (DOE) pfans to transfer the tank wdste to privately owned and operated waste
immobilization facilities. This approach is referred to as TWRS privatization. DOE intends to
conduct the waste retrieval and immobilization mission using a phased approach. During
Phase 1 privatization, the sources of wastes fed to the immobilization facilities will largely be
from double-shell tanks (DSTs). Waste from both of the tanks in the 241-AZ Tank Farm are
Dplanned to be delivered to the private contractor as high-level waste (HLW) feed during
Phase 1 privatization. Both tanks 241-AZ-101 and 241-AZ-102 contain aging waste. The
solids will be suspended in the liquid contained in the two AZ tank farm tanks to creéte a
slurry. The slurry will be transferred in several batches to the private contractor facility. The
private contractor will separate the slurry into HLW and low-activity waste (LAW) fractions.
The HLW fraction will be immobilized. The LAW fraction will be returned to the tank farms
Sor staging. Once the two AZ tank farm tanks have been emptied of the waste currently stored,
the tanks are scheduled to become staging tanks for other HLW from 241-AY tank farm and for
waste retrieved from waste stored in the 241-C tank farm tanks 241-C-106, -104, and
potentially -102. During Phase 1 privatization, in addition to delivering feed to the private
contractor, other tank-to-tank waste transfers will also occur in support of 242-A Evaporator
operation, saltwell pumping from single-shell tanks (SSTs), and other ongoing TWRS

operations.

This evaluation is one in a Series of evaiuations determining the process needs and
assessing the adequacy of existing and planned equipment in meeting those process needs at
various DST farms in support of Phase 1 privatization. The purpose of this evaluation is
nwofold: establish the process needs associated with waste processing and tank-to-tank

transfers to support feed delivery to the private contractor during Phase 1 privatization; and

il
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evaluate the identified process needs against existing and planned structures, systems, and
components (SSCs) for 241-AZ tank farm to determine whether existing and planned SSCs are
capable of supporting the Phase 1 privatization mission. The scope of this evaluation is limited
to'process needs associated with 241-AZ tank farm during the Phase I privatization. The
scope is consistent with the alternative case identified in DeLozier (1998). The SSCs examined
are associated with waste preparation and transfer, utilities, instrumentation and control, and
ventilation. Where information is not available to establish a quantitative process need or
adequately assess whether existing and planned SSCs are capable of supporting the
privatization mission, an issue is identified and a recommended approach to arrive at the

necessary information is provided.

An issues list is developed where deficiencies in the system are identified. Where issues
are identified, recommended actions are proposed. Issues have been categorized according to
the systeni to which they apply, namely, waste preparation and transfer; utilities;
instrumentation, monitoring, and control; and ventilation. The following list highlights some

of the key issues and recommended actions that have been identified by this assessment:

Waste Preparation and Control Issues

Issue -A dilution/flush system in AN farm is identified as part of the scope of Project
W-211. The AN dilution/flush system will service 241-AZ-102, but it is not clear that
piping for the diluent or flush to 241-AZ-101 is included.

Recommendation -Piping from AN dissolution/flush system to 241-AZ-101 needs to be

included as work scope.

Issue - It is not clear that mixer pumps installed in 241-AZ-101 can be started after a
period of inactivity in the tank and provide the necessary level of solids mobilization. A
Jull scale mixer pump test, which demonstrated the ability of mixer pumps to start after

long periods of inactivity in a solids layer, has not been performed in a tank with



HNF-2941
Revision 0

Hanford Site or similar waste.
Recommendation - Testing of the 241-AZ-101 mixer pumps shall help to establish
whether the mixer pumps can run after a period of inactivity and help in determining

the effectiveness of the mixer pumps.

Issue - Two large mixer pumps and a transfer pump will be required in each tank. The
interference between the mixer pump discharge stream and the transfer pump is not
adequately developed. The transfer pump may need to be operated during mixer pump
operation to support slurry transfers.

Recommendation - Model the settling. of solids in the 241-AZ-101 tanks to determine
whether it is necessary to provide slurry transfer pumps that can be operated during
mixer pump operation and withstand forces imparted by full speed mixer pump
operation and remain operable and retrievable from the DST or specify a transfer pump

that can operate and withstand forces imparted by full speed mixer pump operation.

Issue - The current configuration of 241 -AZ-101 and -102 requires a minimum heel of
1.63 m (64 in.) above the tank bottom. The annulus pump pits in each tank drain into
the tanks at a level of 1.63 m (64 in.) above the tank bottom. If the level in the tanks is
drained to below 1.63 m (64 in.), a pathway would exist for contaminated vapors to be,
drawn from the primary tank into the annulus.

Recommendation - Perform an evaluation 1o determine the best course of action to
allow the tanks to be drained past the 1.63 m (64 in.) level. Options to be considered
to solve this issue include plugging the annulus pump pit drains or interlocking the
primary and annulus ventilation systems to shutdown annulus ventilation if the primary
ventilation system is not operating. OSD-T-151-00017 would need to be revised to

reflect the change.



HNF-2941
Revision 0

Urilities Issues

-« Issue - The existing tank farms electrical supply may not be adequate to supply the
process need maximum electrical load (simultaneous operation of eight 224-kW mixer
pumps and four 44-kW transfer pumps).

Recommendation - Perform an evaluation to determine the feasibility of either
transferring some tank farms loads to other electrical supply lines in the area or refine
the schedule constraints associated with simultaneous mixer pump operation to limit

total electrical load.
Instrumentarion, Monitoring, and Control Issues

Issue - Existing temperature monitoring system may not be adequate to monitor for
waste sol{ds suspension during mixer pump ‘operation.

Recommendation - Complete the mixer pump test in tank 241-AZ-101. Data gathered
Jrom this test will support a decision whether existing temperature monitoring is

_ adequate.

Ventilation Issues

Issue ~ Thermal analysis of heat removal and ventilation system performance for waste
feed delivery activities (e.g., degassing and solids dissolution) for the 241-AZ Tank
Farm are preliminary in nature. )

Recommendation - Perform additional refined thermal analysis for the retrieval

Jfunctions to be performed in the 241-AZ Tank Farm.

Issue -The existing primary ventilation exhaust fan does not provide the specified level
of vacuum and airflow as installed. Too much air in leakage is occurring into the
Aging Waste Facility (AWF) tanks to allow control of the ventilation flows through each

tank.

vi
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Recommendation - For the AWF to meet the design and performance requirements for
Project W-030, the fan and drive apparatus will require design modifications. These
modifications are curiently being reviewed by TWRS operations. Alternatively, the

possibility of eliminating air in leakage sources could be evaluated.

Issue - Equipment (thermocouple tree, transfer pumps, and mixing pumps) will require
installation or removal from the DST, which will create openings in the DST dome to
atmosphere during this operation. To insure the containment of the DST vapors, a
negative pressure in the tank dome needs to be maintained. The ventilation system may
. Hiot have enough capacity 1o insure that the tank dome can be maintained at a negative
pressure while inserting equipment and perform all its other functions for the other
three tanks in the system. '
Recommendation -Verification needs to be performed to assure that the ventilation
system will be capable of maintaining a negative pressure in the tank dome during
equipment change out. Portable exhausters could be used if it is determined that the

current ventilation system is inadequate for equipment changeout.

Issue - The annulus system for the 241-AZ tanks is a combined system for both tanks.
At this time the annulus system is not operational and leak detection for the primary
tank is provided by conductivity probes in the tank annulus.

Recommendation - It is not known at this time if the mixer pump operation will require
a functioﬁal annulus exhaust system for heat removal or if the system will be functional.
Additional, refined thermal analysis for the retriex.)al Jfunctions to be performed in the
241-AZ tank farm need to be completed to confirm the preliminary calculations

presented here.
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" EVALUATION OF 241-AZ TANK FARM, SUPPORTING
PHASE 1 WASTE FEED DELIVERY

1.0 INTRODUCTION

This evaluation is one in a series of evaluations determining the process needs and
assessing the adequacy of existing and planned equipment in meeting those needs at various
double-shell tank (DST) farms in support of Phase 1 privatization. A number of tank-to-tank
transfers and waste preparation activities are needed to process and feed waste to the private
contractor in support of Phase 1 privatization. Other tank-to-tank waste transfers also occur
during the Phase 1 privatization time frame in support of 242-A Evaporator operation, saltwell
pumping from single-shell tanks (SSTs), and other ongoing Tank Waste Remediation System
(TWRS) operations.

1.1 PURPOSE OF EVALUATION

The purpose of this evaluation is to establish the process needs associated with waste
processing and tank-to-tank transfers to support feed delivery to the private contractor in
support of Phase 1 privatization. Additionally, the process needs are evaluated against existing
and planned structures, systems, and components (SSCs) for 241-AZ tank farm to determine
‘whether existing and planned SSCs are capable of supporting the privatization mission.

13

1.2 SCOPE OF EVALUATION

The scope of this evaluation is limited to process needs associated with 241-AZ tank
farm during the Phase 1 privatization. The scope is consistent with the alternative case
identified in DeLozier (1998). The time frame examined is through 2016. The SSCs
examined are associated with waste preparation and transfer, utilities, instrumentation and
control, ventilation and sampling. Where information is not available to establish a
quantitative process need an issue is identified stating how to arrive at the necessary
information.

1.3 BACKGROUND INFORMATION

The mission of the TWRS Project is to provide safe storage and management of past
and future tank waste, retrieval, treatment, and disposal of the waste, decontamination and
disposal of TWRS facilities, and final closure of the tanks. To reduce the potential for
additional contamination to the environment, the U.S. Department of Energy (DOE) plans to
transfer the tank waste to privately owned and operated waste immobilization facilities. This

1
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approach is referred to as TWRS privatization. Immobilized low-activity waste (LAW) will be
returned to DOE and disposed onsite in engineered facilities. Immobilized high-level waste
(HLW) will be returned to DOE and stored until a repository is available for final disposal.
Waste removal from the DST system also creates room for waste removed from SST systems.
DOE intends to conduct the waste retrieval and immobilization mission using a phased
approach. In Phase 1, the sources of wastes fed to the immobilization facilities will largely be
from DSTs. Most SST waste will be treated during a Phase 2, a follow-on phase to the Phase
1 effort.

In January 1998, the Hanford Site management and integration (M&I) contractor team
submitted to U.S. Department of Energy, Richland Operations Office (RL) analyses
demonstrating readiness to proceed (RTP) with Phase 1B, TWRS privatization (Umek 1998).
Subsequent to demonstrating readiness to proceed with Phase 1B, TWRS privatization, the
Hanford Site M&I contractor team was requested by DOE (Taylor 1998) to evaluate a second
alternative within privatization to the baseline. The key features associated with this second
alternative are discussed in DeLozier (1998). Although formal direction from RL has not been
given to proceed with the features associated with this second alternative, this second
alternative forms the basis for the evaluation of 241-AZ tank farm.

1.4 DOCUMENT ORGANIZATION

The main body of this document contains a summary of the conclusions and issues and
recommendations associated with this evaluation, process description, process needs related to
processing and transfers occurring during the Phase 1 privatization period, and summaries of
the assessments completed for the waste preparation and transfer systems, utilities distribution
.system instrumentation and control system, ventilation system and sampling system.
Appendices contain detailed information related to the assessments completed for the waste
preparation and transfer systems (Appendix A), utilities distribution system (Appendix B),

" instrumentation and control system (Appendix C), ventilation system (Appendix D) and
sampling system (Appendix E). Appendix F contains calculations and analyses that have been
prepared to support the bases for various process needs as well as the system assessments
performed as part of this evaluation.
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2.0 CONCLUSIONS, ISSUES AND RECOMMENDATIONS

Below is a summary compilation of issues identified through this assessment requiring
reSolution to support waste feed delivery for the Phase 1 privatization mission.
Recommendations consist of either change to existing project scope if planned equipment is
inadequate, establishment of new project scope where specific equipment deficiencies are
identified, or further process development work where unknowns exist. This section is divided
into subsections which correspond to the major systems reviewed in this assessment: waste
preparation and transfer; utility distribution; instrumentation, monitoring, and control;
ventilation; sampling.

2.1 WASTE PREPARATION AND TRANSFER SYSTEMS

The alternative case identified in DeLozier (1998) was the starting point for the
evaluation of transfers in 241-AZ. All of the transfers originating or ending in 241-AZ were
extracted from the transfer list, and paths were defined for each of the different tank to tank
transfers. The transfer equipment in the different transfer paths was considered. It is
important to note that equipment in the transfer route included existing equipment, planned
equipment (where project scope is definite and definitive design is proceeding), and conceptual
equipment (where project scope is indefinite and definitive design has not yet been started).
Table 2-1 lists issues identified with the 241-AZ waste preparation and transfer system and
suggested work scope to address each issue.

]
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Table 2-1. Waste Preparation and Transfer System Issues and Recommendations.

Issue

Process need

Basis for issue

Suggested scope of
work to address issue

1. A dilution/flush system in
AN farm is identified as part
of the scope of Project
W-211. The AN
dilution/flush system will
service 241-AZ-102 but it is
not clear that piping the
diluent or flush to
241-AZ-101 is included.

9.P4.1. Provide a diluent
system to flush the transfer
lines with inhibited water at

-530 L/min (140 gal/min).

9.P4.2. The flush direction
should be from the
applicable 241-AZ pump pit
to the Privatization
Contractor facility.

9.P4.3. Flush transfer lines
with water volumes
equivalent to 1.5 times the
transfer line internal
volume.

Dilution/flush capability is
needed in tank 241-AN-101
and the capability is not
included in current project
scope.

Piping from AN
dissolution/flush
system to
241-AZ-101 needs to0
be included as work
scope.

2. Itis not clear that mixer
pumps installed in tanks can
be started either initially or
after a period of inactivity in
a tank with several feet of
solids above the pump
intake, nor that the mixers
will be capable of interim
operation for the entire six
plus years necessary to
support waste feed delivery.

5.P1.1. Mixer pump
operation should mobilize
>90% of the solids
initially in 241-AZ-101,
>60% of the solids
initially in 241-AZ-102,
and >99% of the solids
transferred to these tanks
from 241-AY-102.

A full scale mixer pump
test which demonstrated the
ability of mixer pumps to
start after long periods of
inactivity in a solids layer
has not been performed in a
tank with Hanford Site or
similar waste.

Modeling of mixer
pump operation, and
the testing of the
241-AZ-101 mixer
pumps.

3. Two large mixer pumps
,and a transfer pump are
- planned in each of the
241-AZ tanks. The mixer
pump discharge stream has
not been adequately shown
not to cause damage to the
transfer pumps. It may be
necessary to operate the
mixer and trnasfer pumps
simultaneously.

9.P3.6. Provide shurry
transfer pumps which can
be operated during mixer
pump operation and
withstand forces imparted
by full speed mixer pump
operation and remain
operable and retrievable
from the DST.

Although not well
documented, anecdotal
information indicates that
line shaft driven vertical
turbine pumps have
experianced early failure
when used in agitated
tanks. It has been
hypothesized that the early
failure is due to the
bending of the shaft caused
by the forces of the
agitation.

Modeling and scale
testing of the transfer
system is planned for
this fiscal year.
Results of the
modeling and tests
should be evaluated
and mixer and or
transfer pump designs
changed as necessary
10 ensure
compatibility.

4. The current configuration
of 241-AZ-101and
2241-AZ-102 requires a
minimum heel of 1.63 m

(64 in.)

9.P2.7. Provide the
capability of removing
waste from the tank to
within 0.25 m (10 in.) of
the tank bottom.

The annutus pump pits in
each tank drain into the
tanks at a level of 1.63 m
(64 in.) above the tank
bottom. If the level in the
tanks are drained to below
1.63 m (64 in.) the annulus
ventilation system may
draw contaminated vapor
into the annulus pump pit.

Perform an evaluation
1o determine the best
course of action to
allow the tanks to be
drained past the

1.63 m (64 in.) level.
Options include
plugging the drain or
interlocking the
ventilation system.
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2.2 UTILITY DISTRIBUTION SYSTEMS

"The existing tank farms electrical supply may not be adequate to supply either the
process need maximum load or the postulated maximum schedule based electrical load. The
process need load is more conservative than the postulated schedule load. The process need
requires the independent operation of retrieval equipment in each of the four 200 East Area
DST farms. This is equivalent to running two mixer pumps and one transfer pump in each
farm, or, eight 224-kW (300-hp) mixer pumps and four 44-kW (60-hp) transfer pumps. The
.postulated schedule load is based on the integrated schedules. The integrated schedules show
that at least once in each of the first three years of processing up to nine mixer pumps and one
transfer pump may be needed simultaneously to suspend and transfer solids.

The simultaneous operation of nine mixer pumps (one set of mixers in each of
241-AY-102 (four 112 kW [150 hp]), AZ Farm (two 224 kW [300 hp]) and AN (or AW) Farm
(two 224 kW {300 hp]) and one (224 kW [300 hp]) mixer in AP Farm) cannot be achieved.
Load flow and voltage drop analysis of 13.8 kV line C8-L6, which serves the tank farms in
200 East Area, indicates that the line cannot provide power to the postulated schedule
maximum TWRS load of nine mixer pumps and one transfer pump operating simultaneously
without experiencing excessive voltage drop in the tank farm area. The voltage drop will also
be excessive for the process need requirement since it is more conservative than the postulated
schedule load. To resolve this potential issue the possibility of transferring some tank farm
loads to other electrical supply lines in the area (lines C8-L5 and C8-L8 are the most likely
candidates) could be explored. Or, a more detailed examination of schedule constraints for
simultaneous operation of nine mixer pumps could be examined and the process need for
independent operation of each farm can be modified.

’

2.3 INSTRUMENTATION, MONITORING AND CONTROL SYSTEM

Issues specific to instrumentation, monitoring and control are summarized in Table 2-2.
These issues were developed only for existing equipment and planned equipment where project
scope is definite and definitive design is proceeding. Additional issues may arise as project
designs mature. :
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Table 2-2. 241-AZ Instrumentation, Monitoring and Control System Issues. (3 Sheets)

i
‘ Issue

Process need

Basis for issue

Suggested scope of work
to address issue

i 1. Existing 702-AZ (Project

i W-030) ventilation system

1 provides primary ventilation
to the four aging waste tanks
(241-AZ-101, 241-AZ-102,
241-AY-101, and
241-AY-102). This ventilation
system is permitted for a
maximum total flow of 28.3
m3/min (1000 scfim). If mixer
pump or transfer pump
operation requires a total
ventilation flow beyond

28.3 m3/min (1000 scfm) for
acceptable operating
conditions, some changes to
the systems- such as
verification of isokinetic
nozzles and recalibration of
flow monitoring loop are
required.

5.P1.1 Mixer pump
operation should
mobilize >90% of the
solids initially in
241-AZ-101, >60% of
the solids initially in
241-AZ-102, and
>99% of the solids
transferred to these
tanks from 241-AY-
102.

(note: mobilization of
solids occurs through
mixer pump operation)

Ventilation requirements
for maintaining waste
temperatures below limits
during mixer pump
operation are not currently
defined. There is a
potential that primary
ventilation flows may
require greater than

28.3 m3/min (1000 scfm)
to maintain waste
temperatures during feed
delivery activities.

Refined thermal analysis
for the retrieval functions
1o be performed in the
241-A7 tank farm need
to be completed to
confirm whether the
existing primary
ventilation system is
adequate.

Note that increased flows
will require regulatory
approval. Additionally,
the isokinetic system is
controlled by an
instrument which
currently can be
programmed only by the
vendor. Also, losses
with the system at higher
flows may be significant
enough to force a
redesign of the sample
transport lines.

2. The existing temperature
trend recorder system is not
calibrated for needed

‘1 temperature gradient data as
well as rate of change
annunciation

2.83.2 Temperature
changeover time for
solutions in tanks shall
be <5.5°C/hr (<10
OF/hr) (<52°C [125
°F]) or <11°C/day
(<20 °F /day)
(>52°C [125 °F])
AND

2.83.3 Temperature
gradients of solution in
tanks shall be
<100°C/m (55 °F/ft)
within the solution and
at the solution/vapor
interface

Temperatre gradient data
as well as rate of change
annunciation are required
to meet the process need.

Issue work package to
recalibrate the existing
temperature trend
recorder system for
temperature gradient data
record as well as rate of *
change annunciation




HNF-2941
Revision 0

Table 2-2. 241-AZ Instrumentation, Monitoring and Control System Issues. (3 Sheets)

Issue

Process need

Basis for issue

Suggested scope of work
to address issue

3. Existing temperature
monitoring system may not be
adequate to monitor for waste
homogeneity during mixer
pump operation.

5.P2.2 Mix tank
contents to provide
<TBD% variability of
suspended HLW solids
concentrations over the
full depth prior to
sampling and prior to
beginning each feed
transfer.

One method for evaluating
success of waste
mobilization and
homogenization is to
monitor the temperature
gradient over the entire
length of liquid column
during waste mixing.

RTDs or thermocouples are
required at several
elevations to give
temperature gradients at
various tank levels
(primary tank).

At present, there are Type
J thermocouples (set of
three thermocouples spaced
at 0.10 m, 0.36 m, and
3.56 m [4 in.,14 in., and
140 in.]

from bottom) installed in
risers 13B, 13C, 13D, and
13A. Another set of three
thermocouples are located
4 in. from bottom in risers
16A, B, and C. It is likely
that this will not provide
temperature gradient
information required
during transfer.

The use of other
instruments can also be
used to determine the
success of waste
mobilization and
homogenization such as the
use of the suspended solids
profiler.

Complete the mixer
pump test in tank
241-AZ-101. Data
gathered from this test
will support a decision
whether existing
temperature monitoring
is adequate. In addition,
the use of other
instruments, such as the
suspended solids profiler
should also be considered
for use.
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Table 2-2. 241-AZ Instrumentation, Monitoring and Control System Issues. (3 Sheets)

Suggested scope of work

Issue Process need Basis for issue :
to address issue

47 Current ENRAF™ systems 9.P2.1 Determine total | Tanks 241-AZ and Install ENRAF™ CIU to
in 241-AZ-101 and 241-AZ- HLW solids mass - 241-AZ-102 will be used transmit digital signal.
102 use analog data signal. (expressed as non- as the staging tanks for
Improved accuracy can be volatile oxides) transfer of HLW feed to0
obtained using a digital data transferred to the the privatization contractor.
signal. Privatization Vendor to | Waste volume

within a variability of measurements of HLW

TBD %. batches transferred from

these tanks to the
privatization contractor will
form part of the basis of
payment. As such
accuracy in this
measurement will be very
important.

2.4 VENTILATION SYSTEM

The 241-AZ ventilation system consists of a primary ventilation system and an annulus
ventilation system for each tank within the tank farm. The primary ventilation system must
remove heat, air, evaporated water and evolved gases from the primary tank during Phase 1
privatization waste feed delivery activities. The annulus ventilation system currently is not
operable.

Table 2-3 lists issues identified with the 241-AZ ventilation system and its ability to
support Phase 1 privation waste feed delivery. Suggested work scope to address each issue is
also presented within the table. '
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Ventilation System Issues and Recommendations.

(4 Sheets)

Issue

Process need

Basis for issue

Suggested scope of
work to address issue

i Pfimary Ventilation

Exhaust Fan -

| The existing primary

ventilation exhaust fan
does not provide the
specified level of vacuum
and airflow as installed.
Too much air in leakage is
occurring into the Aging
Waste Facility tanks to
allow control of the
ventilation flows through
each tank.

1.810.2. Waste
temperature shall not
exceed 121°C

(250 °F).

5.81.1. Tank waste
temperature shall be
either; <90.6°C

(< 195°F) in all levels of
the waste; or <90.6°C
(< 195°F) in the top 4.6
m (15 ft) of the waste and
<102°C (<215°F) in the
waste below 4.6 m (15 f1).

5.81.2. Temperature
changeover time for
solutions in tanks shall be
<5.5°C/hr (10 °F/hr)
(<52°C [125 °F]) or

< 11°C/day (20 °F /day)
(>52°C [125 °F))°

5.81.3. Temperature
gradients of solution in
1anks shall be <100°C/m
(55 °F/ft) within the
solution and at the
solution/vapor interface

The ventilation system must
be adequately sized to
accommodate the tank
mixing operations during
Phase 1 privatization feed
delivery by removing heat,

‘particulate, and water while

maintaining vacuum within
the tank headspace

For the Aging Waste
Facility. (AWF) to meet
the design and
performance
requirements for Project
702-AZ (W-030) the
fan and drive apparatus
will require design
modifications. These
modifications are
currently being
reviewed by TWRS
operations. The
primary ventilation
system fans
performance need to be
upgraded 1o meet the
Procurement
Specification W-030-P3
fan design condition of
28 m3/min (1000 cfm)
at 956 Pa (32 in. H,0)
with operation in a
stable portion of the fan
pressure curve (negative
sloped portion of the
pressure curvey.
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(4 Sheets)

Issue

Process need

Basis for issue

Suggested scope of
work to address issue

Primary Ventilation
System Filter Train - 1.
During operation of the
702-AZ (Project W-030)
upgraded system there
have been two instances
where the filter plenum
housings have had
moisture collection
problems.

2. The primary ventilation
system HEPA and HEGA
filter plenums are not in
compliance with ANSI
NS509, Section 5.6.2.

“The drain system shall be
designed so that no
unacceptable backup of
liquids into the housing
will occur” and "Each
housing compartment shall
have floor drains which
meet all allowable air
leakage criteria.”.

1.88.1. An'active primary
tank ventilation system for
DSTs and AWF tanks shall
be operable.

1. There is only a single
HEME and condenser in the
primary ventilation system.
There is no way to replace
either without bypassing
them potentially loading
moisture on'the downstream
filters.

2. Code requirements

I. Assess adding an
additional HEME in the
primary ventilation
system.

2. Both filter housings
should have drain
capability added for all
compartments

Ventilation Flow During
Equipment Installation and
b Removal from Aging
Waste Facility. Tanks

Not a process need but an
installation need.

Equipment (thermocouple
tree, transfer pumps and
mixing pumps) will require
installation or removal from
the DST which will create
openings in the DST dome
to’atmosphere during this
operation. To insure the
containment of the DST
vapors, a negative pressure
in the tank dome needs to be

maintained. The largest riser -

in the DST dome is 1.07 m
(42 in.) in diameter which
has an area of 0.89 m?
(9.6 ft2) open to the
atmosphere. The existing
ventilation system may not
have enough capacity to
insure that the tank dome
can be maintained at a
negative pressure and
perform all its other
functions for the other three
tanks in the system.

The recirculation
module for each AWF
tank has two 0.20-m
(8-in.) connections and
required valving options
to install a portable '
exhauster to increase the
ventilation flow in
conjunction with the
existing ventilation
system capacity and a
negative pressure is .
expected to be
maintained in the
primary tank dome.
Verification needs to be
performed or existing
documentation
substantiated to assure
how the ventilation
system will be
configured to maintain a
negative pressure in the
tank dome during
equipment change out.
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(4 Sheets)

Issue

_ Suggested scope of
work to address issue

Radiation Levels in
Recirculation Modules

i
Process need E Basis for issue
i

Not process need but
operational/ALARA
concern.

An evaluation was
performed (Kriskovich 1998
Draft) stating higher
radiation in the re-
circulation module was
occurring due to
aerosol/moisture settling out
in piping, ductwork and
equipment.

The report concluded in
order to reduce the
radiation buildup in the
re-circulation modules a
dropleg or some other
method of transferring
directly into the tank
contents is
recommended over the
current practice of using
a slurry distributor.

Operable Annulus
Ventilation System

1.510.2. Waste
temperature shall not
exceed 121°C (250 °F).

5.81.1. Tank waste
temperature shall be
either: <90.6°C (195°F)
in all levels of the waste;
or <£90.6°C (195°F) in
the top 4.6m (15 fty of the
waste and <102°C
(215°F) in the waste
below 4.6m (15 ft).

5.81.2. Temperature
changeover time for
solutions in tanks shall be
<5.5°C (10 °Fy/hr
(<52°C[125 °F]) or
<11°C (20 °F) /day
(>52°C [125 °F))

5.81.3. Temperature
gradients of solution in-
tanks shall be <100°C/m
(55 °F/ft) within the
solution and at the
solution/vapor interface

The annulus system for the
241-AZ ranks is a combined
system for both tanks. At
this time the annulus-system
is not operational and leak
detection for the primary
tank is provided by
conductivity probes in the
tank annulus.

It is not known at this
time if the mixer pump
operation will require a
functional annulus
exhaust system or if the
system will be
functional.

Additional, refined
thermal analysis for the
retrieval functions o be
performed in the
241-AZ tank farm need
to be completed to
confirm the preliminary
calculations presented
here.
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Issue

Process need

Basis for issue

Suggested scope of
work to address issue

Air In Leakage and
Vacuum Control

Not process need but an
operational control issue.

The primary tank air inlet
stations are Ot now in
operation and are valved
shut. The intet air is from
air lift circulation (if
operating) and outside air
drawn into the tank through
pit cover blocks, risers or
uncapped transfer lines that
are open to other sources
such as the 241-AX-152
diverter station. If the in
leakage air can be controlled
to a minimal amount then
the 702-AZ (W-030)
primary tank air inlet
stations can be utilized in
the overall ventilation
conirol

Perform analysis to
determine if the existing
air in leakage without
flows through the
‘W-030 installed air inlet
stations woulld still
allow acceptable control
of vemtilation system
tlow rates and negative
pressure in the primary
tank during waste feed
delivery activities.

Thermal analysis of waste
feed delivery activities
relative 10 241-AZ are
preliminary in nature.

1.510.2. Waste
temperature shall not
exceed 121°C (250 °F).

5.81.1. Tank waste
temperature shall be

| either: <90.6°C (195°F)

in all levels of the waste;
or <90.6°C (195°F) in
the top 4.6 m (15 ft) of the
waste and < 102°C
(215°F) in the waste
below 4.6 m (15 ft).

5.81.2. Temperature
changeover time for
solutions in tanks shall be
<5.5°C (10 °Fy/hr
(<52°C 125 °Fly or
<11°C (20 °F) /day
(>52°C [125 °F))

5.81.3. Temperature
gradients of solution in
tanks shall be <100°C
(55 °F)/ft within the
solution and at the
solution/vapor interface

The calculation does not
account for temperature
profiles within a non-
convective layer of solids
which would settle at the
bottom of the tank.

Duration of actual mixer
pump operation is not yet
well defined.

Additional, refined
thermal analysis for the
retrieval functions to be
performed in the
241-AZ tank farm need
to be completed to
contirm the preliminary
calculations presented
here.
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2.5 SAMPLING SYSTEM (Reserved)
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3.0 PROCESS DESCRIPTION

Both tanks in 241-AZ tank farm, 241-AZ-101 and 241-AZ-102, have been identified as
HLW source tanks for feed delivery as part of Phase 1 privatization. The processing steps
required to prepare the HLW feed from each of the tanks is discussed in Section 3.1 below.
The transfer process of HLW from these source tanks to the private contractor is described in
Section 3.2. Transfers associated with 241-C tank farm material to 241-AZ-101 via
241-AY-102 and miscellaneous transfers, not directly related to feed delivery, into or out of
241-AZ tank farm are also discussed in Section 3.2. Table 3-1 summarizes the process steps
associated with each tank in 241-AZ tank farm during the Phase 1 privatization contract.

3.1 WASTE PREPARATION

The baseline presented in Tank Waste Remediation System Retrieval and Disposal
Mission Readiness-to-Proceed Memorandum (Jordan and Boston 1998) called for the supernate
in tanks 241-AZ-101 and 241-AZ-102 being LAW feed and pretreating the sludge as HLW
feed. A waste feed preparation and delivery flowsheet describing the steps in making waste
feed deliveries from tank 241-AZ-101 is described in Volume II, Waste Feed Delivery
Flowsheet of the Waste Feed Delivery Technical Baseline Document (Papp 1998). The
alternative case in DeLozier (1998) transfers the responsibility for washing the HLW sludge
from the M&I contractor team to the private contractor. This eliminates the need for the M&I
contractor team to establish sludge washing capability and instead requires the M&I contractor
téam to make more frequent (e.g., monthly) transfers. These transfers are slurry transfers
requiring homogenous mixing to reduce feed variability to the private contractor. Water is
added to retrieve the final batches of waste from 241-AZ-101.

The general waste preparétion process steps described for 241-AZ-101 in the alternative
case (DeLozier 1998) is also applicable to the waste currently in 241-AZ-102. Both
241-AZ-101 and 241-AZ-102 will be used as HLW feed staging tanks to the private contractor.
These tanks will receive additional HLW currently in 241-AY-102, 241-C-106 and 241-C-104.

An assessment of the existing and planned waste feed preparation equipment is

provided in Appendix A. Waste feed preparation equipment includes those pieces of
equipment necessary to process the waste before to making a transfer.

15
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Table 3-1. Matrix of Process Steps for Each Tank in 241-AZ Tank Farm.

Process Step Required for Particular Tank (Yes/No)

Store Prepare waste Transfer waste
waste
Tank
Separate v Transfer | Receive [Transfer Receive
Safe . pare Soften Dissolve | Mobilize | Suspend | Sample o L solids solids
Degas feed | solids and . . . liquid liquid . A
storage L crust solids solids solids waste . slurry from | slurry into
liquids from tank | into tank
tank tank
241-AZ-101 Yes No No No No Yes Yes Yes No No Yes Yes
241-AZ-102 Yes No No No No Yes Yes Yes No No Yes Yes

0 UOISIADY
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3.2 WASTE TRANSFERS TO AND FROM 241-AZ

Waste transfers will occur to and from tank farm 241-AZ during the time frame of
Phase 1 privatization. All waste transfers will be slurry transfers, rather than liquid transfers.
It should be noted that both tanks in 241-AZ are HLW feed staging tanks to the private
contractor and all HLW destined for the private contractor will be transferred through one of
these two tanks. During Phase 1 privatization additional HLW will be transferred to 241-AZ
via tank 241-AY-102 which will receive sluiced waste from tanks 241-C-106 and 241-C-104.
Water is added to retrieve the final batches of waste being transferred from either tank in
241-AZ to the private contractor.

Appendix A provides a list of the set of transfers which are included in Appendix H of
the Tank Waste Remediation System Operation and Utilization Plan (TWRSO&UP) (Kirkbride
et al. 1997) specifically related to 241-AZ tank farm and also an updated set of transfers
expected to be consistent with the alternative case in DeLozier (1998). The actual set of
transfers and their timing associated with the case identified in DeLozier 1998 varies with
those identified in the TWRSO&UP. The preliminary set of transfers based on DeLozier
(1998) are used for the basis of this evaluation.” The most notable differences relative to the
baseline is that the alternative presented in DeLozier (1998) eliminates sludge washing and the
associated transfers.

An assessment of the existing and planned waste transfer system is provided in
Appendix A. Waste transfer equipment includes those pieces of equipment necessary to
transfer the waste between tanks and include transfer pumps, piping, jumpers, and valving.

3.3 COMPARISON OF PROCESS STEPS TO FUNCTIONAL ANALYSIS

The preceding waste feed preparation steps are based on Volume II, Waste Feed
Delivery Flowsheet of the Waste Feed Delivery Technical Baseline Document (Papp 1998).
Waste transfers are based on the set of transfers consistent with DeLozier (1998). These
process steps are not specifically based on the systems engineering functional analysis but are
consistent with the functional analysis that is performed for Phase 1 privatization feed delivery.
Tables 3-2 through 3-9 below map the process steps identified in Table 3-1 to the functional
analysis documented in Attachment B of the Review of Performance Requirements for Phase 1
Waste Feed Delivery Components (Claghorn et al. 1998). Tables 3-2 through 3-9 compare the
process steps to the following functions:

Table 3-2 Function 3.2.1 Double-Shell Tank System

Table 3-3 Function 3.2.1.1 Maintain Safe and Compliant Waste within the
Double-Shell Tank System

Table 3-4 Function 3.2.1.2 Deliver Low-Activity Waste Feed for Phase 1
Treatment

17
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Table 3-5 Function 3.2.1.3 Deliver High-Level Waste Sludge to Low-Activity
: Waste/High-Level Waste Plant

Table 3-6 Function 3.2.1.4 Manage Double-Shell Tank Space

Table 3-7 Function 3.2.1.5 Receive Waste into Double-Shell Tanks

Table 3-8 Function 3.2.1.6 Distribute Utilities in Double-Shell Tank System
Table 3-9 Function 3.2.1.10  Support Double-Shell Tank System

Certain functions identified in Claghorn et al. (1998) are not applicable (N/A) to the specific
processing associated with 241-AZ tank farm. As an example, the low activity waste feed
delivery activity (function 3.2.1.2) does not have any functions which would rely upon 241-AZ
tank farm for execution of the function.

Table 3-10 compares the architecture presented in Claghorn et al. (1998) to the
organizational outline of the assessment presented in this document. The assessment is
organized in this document according to waste preparation and transfer systems (Section 5.0),
utilities distribution systems (Section 6.0), instrumentation, monitoring and contro! systems
(Section 7.0), ventilation system (Section 8.0), and sampling system (Section 9.0). These
systems are described in more detail in €ach of the sections of the document. The comparison
in Table 3-10 shows that this assessment does not consider DST structures, potable water, or
sewage because they do not fall within the scope of the assessment. Additionally, maintenance
and recovery systems are not considered within the scope of this assessment.

s
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Table 3-2. Comparison of Top Level System Assessment Process Steps in This Document to Level 3.2.1 Function,
Double-Shell Tank System in Attachment B of Review of Performance Requirements for Phase 1 Waste Feed Delivery
Components, HNF-1985 (Claghorn et al. 1998).

Attachment B, Review of Performance Requirements for Phase 1 Waste Feed Delivery Components, HNF-1985 (Claghorn et al. 1998)

3.2.1

Double-Shell Tank System

3.2.1.1 Maintain
Safe and Compliant
Waste within the

3.2.1.2 Deliver
Low Activity Waste
Feed for Phase 1

3.2.1.3 Deliver
High-Level Waste
Feed for Phase 1

3.2.1.4 Manage
Double-Shell Tank
Space

3.2.1.5 Receive
Waste into Double-
Shell Tanks

3.2.1.6 Distribute
Utilities in Double-
Shell Tank System

3.2.1.10 Support
Double-Shell Tank
System

Double-Shell Tank Treatment Treatment
System
Store Waste N/A Prepare Waste/ Transfer Waste Transfer Waste N/A N/A

Transfer Waste

HNF-2941

Table 3-1, Evaluation of 241-AZ Tank Farm Supporting Phase 1 Waste Feed Delivery,
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Table 3-3. Comparison of System Assessment Process Steps in This Document to 3.2.1.1 Maintain Safe and Compliant Waste
within the Double-Shell Tank System Function in Attachment B of Review of Performance Requirements for Phase 1 Waste Feed
Delivery Components, HNF-1985 (Claghorn et al. 1998).

Attachment B, Review of Performance Requirements for Phase 1 Waste Feed Delivery Components, HNF-1985 (Claghorn et al. 1998)

3.2.1.1 Maintain Safe and Compliant Waste within the Double-Shell Tank System

3.2.1.1.1 Store Waste in Double-Shell Tanks

321011 | 320102 32,1113 | 321114 |32.1.1.L5S | 3.2.1.1.1.6 |32.1.1.1.7 32.1.1.1.8 1 32.1.1.1.9 | 3.2.1.1.1.10 3.2.1.1.11
Contain Control Control Monitor Control Control Air | Control - Control Control Monitor Monitor
Double- Double- Double- Primary Double- Emissions Flammable Double- Primary to Double- Shell | Double-
Shell Tank Shell Tank Shel) Tank | Tank for Shell Tank | from Gas Shell Tank Anuulus Tank Waste Shell
Waste and Waste and Waste Leakage Corrosion Double Concentrations | Vapor- Differential | Storage Tank Area
Temperature | Level and Shell Tanks | in Double- Space Pressure Parameters at | Radiation
Density : Shell Tanks Pressure Central. Levels
Monitoring
Station
Safely Store Waste

Store Waste

Table 3-1. Matrix of Process Steps for Each Tank in 241-AZ Tank Farm

Evaluation of 241-AZ Tank Farm Supporting Phase 1 Waste Feed Delivery, HNF-2941
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Table 3-4. Comparison of Systém Assessment Process Steps in This Document to 3.2.1.2 Deliver Low Activity Waste Feed for
Phase 1 Treatment Function in Attachment B of Review of Performance Requirements for Phase I Waste Feed Delivery
Components, HNF-1985 (Claghorn et al. 1998).

Attachment B, Review of Performance Requirements for Phase 1 Waste Feed Delivery, HNF-1985 (Claghorn et al, 1998)

3.2.1.2 Deliver Low Activity Waste Feed for Phase 1 Treatment

3.2.1.2.1 Prepare Low

3.2.1.2.2 Transfer

3.2.1.2.3 Prepare Low

3.2.1.2.4 Transfer
Low-Activity Waste

3.2.1.2.5 Blend Low
Activity Waste in Low-

3.2.1.2.6 Transfer
Low-Activity Waste to

Activity Waste Low Activity Waste Activity Waste Salts for
_Supernatant for Supernatant to Staging Transfer Salt Solution to Staging | Activity Waste Staging Vendor Feed Storage
Transfer Tanks Tanks Tanks
N/A N/A N/A N/A N/A N/A
N/A

Table 3-1. Matrix of Process Steps for Each Tank in 241-AZ Tank Farm

Evaluation of 241-AZ Tank Farm Supporting Phase 1 Waste Feed Delivery, HNF-2941
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1$6C-ANH



(44

Table 3-5. Comparison of System Assessment Process Steps in This Document to 3.2.1.3 Deliver High-Level Waste Sludge to

Low-Activity Waste/ High-Level Waste Plant Function in Attachment B of Review of Performance Requirements for Phase |

Waste Feed Delivery Components, HNF-1985 (Claghorn et al. 1998).

Attachment B, Review of Performance Requirements for Pﬁase 1 Waste Feed Delivery, HNF-1985 (Claghorn et al. 1998)

3.2.1.3 Deliver High-Level Waste Sludge to Low-Activity Waste/High-Level Waste Plant

3.2.1.3.1 Prepare High-Level Waste Solids for Transfer

3.2.1.3.2 Transfer High-Level Waste Sludge to Low-Activity

Waste/High-Level Waste Plant

Add Diluent, Mix Tank Contents, Sample Waste

Transfer Solids Slurry from Tank

Prepare Waste

Transfer Waste

Table 3-1.- Matrix of Process Steps for Each Tank in 241-AZ Tank Farm

Evaluation of 241-AZ Tank Farm Supporting Phase 1 Waste Feed Delivery, HNF-2941
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Table 3-6. Comparison of System Assessment Process Steps in This Document to 3.2.1.4 Manage Double-Shell Tank Space
Function in Attachment B of Review of Performance Requirements for Phase 1 Waste Feed Delivery Components, HNF-1985

(Claghorn et al. 1998).

Attachment B, Review of Performance Requirements for Phase 1 Waste Feed Delivery, HNF-1985 (Claghorn et al. 1998)

3.2.1.4.1 Prepare Waste in
Double-Shell Tank

3.2.1.4 Manage Double-Tank Space

32142 Transfer Waste | 3.2.1.4.3 Transfer Waste
Between Double-Shell Tanks | Cross-Site Between Double-
Inside Areas Shell Tanks

3.2.1.4.4 Transfer Waste for
Concentration

N/A

Transfer Solids Shurry from Receive Solids Slurry into
Tank, Receive Solids Sturry Tank . :
into Tank

N/A

N/A

Transfer Waste

N/A

Table 3-1. Matrix of Process Steps for Each Tank in 241-AZ Tank Farm

Evaluation of 241-AZ Tank Farm Supporting Phase 1 Waste Feed Delivery, HNF-2941,
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Table 3-7. Comparison of System Assessment Process Steps in This Document to 3.2.1.5 Receive Waste into Double-Shell
Tanks Function in Attachment B of Review of Performance Requirements for Phase 1 Waste Feed Delivery Components,
HNF-1985 (Claghorn et al. 1998).

Attachment B, Review of Performance Requirements for Phase 1 Waste Feed Delivery, HNF-1985 (Claghorn et al. 1998)

3.2.1.5 Receive Waste into Double-Shell Tanks

3.2.1.5.1 Receive
Waste from Waste
Unloading Facility

3.2.1.5.2 Receive New
Liquid Waste from
External Waste
Generators

3.2.1.5.3 Receive
Concentrated Waste
from Evaporator

3.2.1.5.4 Receive
Emergency Purge
Waste from Evaporator

3.2.1.5.5 Receive
Waste Products from
Low Activity Waste /
High Level Waste and
Low Activity Waste
Treatment

N/A

Receive Solids Slurry
into Tank

N/A

N/A

N/A

N/A

Transfer Waste

N/A

Table 3-1. Matrix of Process Steps for Each Tank in 241-AZ Tank Farm

Evaluation of 241-AZ Tank Farm Supporting Phase 1 Waste Feed Delivery, HNF-2941.
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Table 3-8. Comparison of System Assessment Process Steps in This Document to 3.2.1.6 Distribute Utilities in Double-Shell
Tank System Function in Attachment B of Review of Performance Requirements for Phase 1 Waste Feed Delivery Components,
HNF-1985 (Claghorn et al. 1998).

Attachment B, Review of Performance Requirements for Phase 1 Waste Feed Delivery, HNF-1985 (Claghorn et al. 1998)

3.2.1.6 Distribute Utilities in Double- Shell Tank System

3.2.1.6.1 Provide Electrical Power 3.2.1.6.2 Provide Watér 3.2.1.6.3 Provide Compressed and
Instrument Air
N/A N/A ’ N/A
N/A*

Table 3-1. Matrix of Process Steps for Each Tank in 241-AZ Tank Farm

Evaluation of 241-AZ Tank Farm Supporting Phase 1 Waste Feed Delivery, HNF-2941

*“Distribute Utilities in Double-Shell Tank System” is not considered a process step in the context of HNF-2983.
Utilities are discussed in Section 6 of HNF-2983.
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Table 3-9. Comparison of System Assessment Process Steps in This Document to 3.2.1.10 Support Double-Shell Tank System
Function in Attachment B of Review of Performance Requirements for Phase 1 Waste Feed Delivery Components, HNF-1985,
(Claghorn et al. 1998).

Attachment B, Review of Performance Requirements for Phase 1 Waste Feed Delivery, HNF-1985 (Claghorn et al. 1998)

3.2.1.10 Support Double-Shell Tank System

N/A

N/A*

Table 3-1. Matrix of Process Steps for Each Tank in 241-AZ Tank Farm

Evaluation of 241-AZ Tank Farm Supporting Phase 1 Waste Feed Delivery, HNF-2941

*“Support Double-Shell Tank System” is not considered a process step in the context of HNF-2983.
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HNF-2941
Revision O

4.0 IDENTIFICATION OF PROCESS NEEDS

The process needs associated with waste processing and tank-to-tank transfers at 241-
AZ tank farm to support feed delivery to the private contractor in support of Phase 1
privatization are identified within this section of the document. Quantified process needs are
identified where available. However, an adequate technical basis does not exist in all cases to
provide quantified limits. In these cases qualitative needs are identified which require a further
level of analysis than available at the time of this evaluation to establish technically based
quantitative needs.

Process needs will vary according to the activity or process step being performed.
Process needs are grouped according to process step. The process steps which will be used for
categorizing the process needs are the process steps identified in Table 3-1 above, namely: safe
storage; add diluent; mix tank contents; sample waste; transfer solids slurry from tank; transfer
solids slurry to tank.

The scope of this evaluation is limited to process needs associated with 241-AZ tank
farm during the Phase 1 privatization. The scope is consistent with the alternative case
identified in DeLozier 1998. The time frame examined is through 2016. The SSCs examined
are associated with waste preparation and transfer, utilities, instrumentation and control,
ventilation and sampling. Table 4-1 presents process needs associated with the various
operational steps which will be completed in tanks 241-AZ-101 and 241-AZ-102 (refer to
Table 3-1 above). For each quantitative process need a technical basis is identified as well as.
the systems which are affected or required to meet the process need. Where information is not
'available to define or establish a quantitative process need, an issue is identified.

Additionally, this evaluation identifies existing safety-related needs applicable to
current operation (i.e., safe storage) of 241-AZ tank farm. These authorization basis
requirements are based on the existing set of technical safety requirements for tank farm
operations and are not intended to be a complete set of safety-related requirements which will
be in place during Phase 1 privatization activities. An initial assessment of the safety-related
requirements for waste feed delivery (Grams et al. 1997) has been completed and additional
work is ongoing to establish safety-related requirements. However, this work is not complete.
Table 4-2 presents current safety requirements that may be associated with the various
operational steps which will be completed at 241-AZ tank farm during Phase 1 privatization
feed delivery (refer to Table 3-1 above). These safety-related requirements are inctuded here
as an assumed minimum set of safety-related needs expected during Phase 1 privatization.
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Table 4-1. Process Needs Assessment for 241-AZ Tank Farm Supporting Phase 1 Feed Delivery.

Process step

Qualitative process need

Quantitative tank-specific process need

Basis

Affected systems
(applicable SSCs)

1. Safe Storage

None (see Table 4.2)

2. Degas Feed

P1. Remove trapped flammable
lgases from waste prior to
transfer to eliminate or reduce
probability of occurrence of a
lzas release event.

1.

Reserved (None)

. Reserved (None)
P2. Control rate of gas release 1. Reserved (None)
from flammable gas watch list
tanks.
2. Reserved (None)
3. Reserved (None)
4. Reserved (None)
5. Reserved (None)
6. Reserved (None)
[7.- Reserved (None)
3. Separate P1. Provide LAW feed to the  |1. Reserved (None)
Solids and private contractor within the
Liquids contract envelope limits for
insoluble solids.
4. Dissolve P1. Dissolve soluble precipitated {1. Reserved (None)
Solids salts in selected DSTs. Selected

IDSTs are 241-AN-103, AN-104,
AN-105, AW-101, SY-101, and
SY-103.

Reserved (None)}

Reserved (None)

Reserved (None)

GTETVI®D

Reserved (None)
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Table 4-1. Process Needs Assessment for 241-AZ Tank Farm Supporting Phase 1 Feed Delivery.

Process step

Qualitative process need

Quantitative tank-specific process need

Basis

A("fcctéd systems
(applicable SSCs)

P2. Allow operation of
equipment (bottom
thermocouples, mixer pumps,
decant pumps, shrry transfer
pumps)

1. Reserved (None)

2. Reserved (None)

3. Reserved (None)

P3. Retrieve waste from multiple
tanks as needed to support waste
feed delivery schedule,

1. Reserved (See 5B.P4.1)

5A.Mobilize
Solids

P1. Transfer solid particles from
la static settled state solid phase
o a dynamic state.

1. Mobilize >90% of the solids initially in
R41-AZ-101, >60% of the solids initially
in 241-AZ-102, and >99% of the solids
transferred to these tanks from 241-AY-
102.

Mobilization efficiencies are based on
experimental Effective Cleaning Radius
(ECR) data for two symmetrically
located mixer pumps with U ;D of 29.4
ft?/sec and TCR data for the tank
wastes. (see appendix F.1.21)

For solids transferred from 241-AY-102,
these solids were suspended by mixer
pumps to be transferréd and it is
anticipated the mobilization, suspension
and transfer characteristics will be
similar for 241-AY-102 and the two
[241-AZ tanks.

Waste Preparation and
Transfer, Instrumentation
and Control

(1.2 DST 1&C, 3.1 Mixer
Pump)

P2. Reserved

P3. Prevent components from
exceeding operating parameters
for the system

1. Equipment used to suspend or mobilize
waste shall be able to operate under both
normal startup and operation conditions
(Note: for the currentily planned system -
Prevent cavitation of the mixer pump
during normal startup and operation
conditions).

Pump cavitation can damage the mixer
pump. Relevant waste properties include
non-Newtonian viscosities from TBD to
50 ¢P at 100 sec™! shear rate. The
INPSHa is'5.2 m (17 ft). This assumes a
liquid level in the tank 1.1 m (3.5 fo)
above the pump suction, a maximum
waste temperature of 185 °F, and
atmospheric pressure of 10 m (33 ft) of
water.(WHC-SD-WM-DGS-006,

Rev. 0) (see Appendix F.1.5)

Waste Preparation and
(Transter, Instrumentation
and Control

(1.2 DST 1&C, 3.1 Mixer
Pump)

2. Reserved

0 UOISIASY
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Table 4-1. Process Needs Assessment for 241-AZ Tank Farm Supporting Phase 1 Feed Delivery.

Process step

Qualitative process need

Quantitative tank-specific process need

Basis

Afﬁ;cted systems
(applicable SSCs)

3. Equipment used to mobilize or suspend
waste shall not impart excessive force to
the tank structure. (Note: for the
currently planned system - Provide mixer
pumps which will not damage the tank
structure during normal and/or off-normal
operation.)

[The tank structure, risers, and pits must
not be damaged by operation of the
mixer pump (WHC-SD-WM-DGS-006,
Rev. 0) :

\Waste Preparation and
(Transfer

(1.1 DST Structure)

. Provide a diluent system and water
laddition line to allow addition of up to

341 m* (90,000 [TBR] gal) raw water near
the intake of each mixer pump. The
dilution system should be capable of
providing this quantity at a flow rate of
(TBD gal/min and a temperature range of
20 °C to 50 °C (+/- TBD “C). No cooling
capacity is required. V

[2. Provide a diluent system and water
laddition line to allow addition of up to
379 m* (100,000 gal) raw water near the
intake of each mixer pump. The dilution
system should be capable of providing this
quantity at a flow rate of TBD gal/min and
ia temperature range of 20 °C to 50 °C
(+/- TBD °C). No cooling capacity is
required.

Provides both a flushing capability to
reduce concentration of saturated salts
near the pump intake and provides a
means to dilute the slurry concentration
near the intake to minimize pump
cavitation during startup. (see Appendix
F.1.6)

Provides both a flushing capability to
reduce concentration of saturated salts
near the pump intake and provides a
means to dilute the slurry concentration
ncar the intake to minimize pump
cavitation during startup. (see Appendix
F.1.6)

(Waste Preparation and
[Transfer, Instrumentation
and Control, Utility
Distribution

(1.2 DST 1&C, 3.1 Mixer
Pump, 3.2 Chemical
|Addition System, 5.3 Raw
[Water)

'Waste Preparation and
(Transfer, Instrumentation
and Control, Utility
Distribution

(1.2 DST 1&C, 3.1 Mixer
Pump, 3.2 Chemical
Addition System, 5.3 Raw
\Water)

5. Control the rate of operation of
equipment used to mobilize and suspend
solids. (Note: for the currently planned
system - Provide mixer pumps with a
vartable frequency drive (VFD) capable of
operating the pump from a minimum speed
of approximately 58% speed to full speed
operation.)

[This provides the flexibility to allow a
slow start during initial mobilization to
minimize cavitation.
(WHC-SD-WM-DGS-006, Rev. 0)

'Waste Preparation and
Transter, Instrumentation
land Control

(1.2 DST I1&C, 3.1 Mixer
IPump)

0 UOISIASY
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Process step

Table 4-1. Process Needs Assessment for 241-AZ Tank Farm Supporting Phase 1 Feed Delivery.

Qualitative process need

Quantitative tank-specific process need

Basis

Affected systems
(applicable SSCs)

6. Provide in-tank components which can
withstand forces imparted by solids
mobilization and suspension equipment and
remain operable and retrievable from the
DST. (Note: for the currently planned
system - Provide (or replace) in-tank
components which can withstand forces
imparted by full speed mixer pump
loperation and remain operable and
retrievable from the DST)

7. Provide solids mobilization and
suspension equipment which will not
damage the tank structure during normal
land/or off-normal operation. (Note: for
the currently planned system - Provide
mixer pumps which will not damage the
tank structure during normal and/or off-
normal operation.)

Operation of mixer pumps must not
cause in-tank components to fail or bend
them such that they can not be retrieved.
(WHC-SD-WM-DGS-006, Rev. 0). A
documented assessment is needed to
justify not meeting this process need for
specific components.

(The tank structure, risers, and pits are
considered Safety Class or safety
significant and thus must not be
damaged by operation of the mixer
pump. (WHC-SD-WM-DGS-006,
Rev. 0) .

Waste Preparation and
Transfer

(1.2 DST 1&C, 2.1 Decant

Pump, 2.2 Slurry Pump, 2.5
Supernate Pump)

Waste Preparation and
Transfer

(1.1 DST Structure)

8. Monitor the rate of operation of
equipment used to effect solids
mobilization and suspension. (Note: for
the currently planned system - Provide, at
2 minimum, the following mixer pump
instrumentation: remote readout of pump
motor amperage, shaft rotational speed,
and nozzle orientation.)

Pump motor amperage may be obtained
through the VED. Provides indication of
motor condition and pump operating
parameters. Shaft rotational speed
provides indication of pump operating
parameters. Nozzle orientation is
required to allow flexibility to direct .
nozzle flows toward or away from areas

f interest. (WHC-SD-WM-DGS-006,
Rev. 0)

[nstrumentation and Controt

(1.2 DST 1&C)

5B. Suspend
Solids

P1. Suspend mobilized solid
particles in the liquid phase.
(Note: for currently planned
Isystem - Mixer pump operation
Ishould mix liquids and suspend
mobilized solids uniformly
throughout the waste solution.)

1.Reserved

0 uoIsIAsy
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Table 4-1. Process Needs Assessment for 241-AZ Tank Farm Supporting Phase 1 Feed Délivery.

Process step

Qualitative process need

Quantitative tank-specific process need

Basis

Affectéd systems
(applicable $SCs)

2. Mix tank contents to provide <TBD%
variability of suspended HLW solids
concentrations over the full depth prior to
sampling and prior to beginning each feed
transfer, ’

Representative samples are necessary to
lqualify the waste for transfer to the
privatization contractor. Mixing the tank
minimizes the number of required
samples. Minimizing the variability of
the individual waste feed batches to the
Privatization Contractor is necessary for
material accountability and to simplify
waste formulation and process control.
A variability of <TBD% for a few key
lanalytes is considered homogeneous per
the HLW Transfer Problem Specific
DQO (Certa et. al. 1998, HNF-XXX,
[TBP)

\Waste Preparation and
ransfer, Instrumentation
and Control, Ventilation

(1.2 DST I&C, 3.1 Mixer
Pump)

P2. Add diluent to allow
loperation of equipment

1. Provide capability for addition of

379 m3 (100,000 gal) of inhibited water to
241-AZ-101 and 241-AZ-102 for each of
the final two slurry transfers to the :
Privatization Contractor. The inhibited
water shall meet the minimum corrosion
ispecifications of 0.01M OH "~ and 0.011M
NO,".

[The nominal transfer volume is 379 m 3
(100,000 gal). The transfer solution will
only be added when tank level gets
below 102 cm (40 in.). At waste levels
below this point the mixer pumps are
lexpected to cavitate. (see Appendix
F.1.20)

‘Waste Preparation and
(Transfer, Utility
Distribution,
Instrumentation and Control

(1.2 DST 1&C, 3.2
Chemical Addition System,
5.3 Raw Water)

P3. Reserved.

0 UOISIASY
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Table 4-1. Process Needs Assessment for 241-AZ Tank Farm Supporting Phase 1 Feed Delivery.

Process step

Qualitative process need

Quantitative tank-specific process need

Basis

Al'fecul:d systems
(applicable SSCs)

P4. Retrieve waste from
multiple tanks as néeded to
support waste feed delivery
schedule.

1. Provide for the independent operation of
one set of mixer pumps in each of four 200
East Area DST farms and one transfer
pump in a 200 East Area DST farm,

Provide control systems and electrical
distribution systems which can support the
isimultaneous operation of up to nine mixer
pumps and one transfer pump.

Integrated schedules show that at least
lonce in each of the first three years of
processing, up to nine mixer pumps and
ne transfer pump may be needed
simultaneously (DeLozier to Umek,
letter no. LMHC-9854671A R1,
attachment 1),

Potentially simultaneous operations
include

1) transfer HLW from 241-AY-102 to
lone of the 241-AZ tanks (four 112-kW
[150-hp) mixer pumps and one 45-kW
[60-hp] transfer pump in 241-AY-102),
2) mixing of HLW in one of the 241-AZ
tanks in preparation for transfer to the
[Privatization Contractor (two 224-kW
[300-hp] mixer pumps),

3) degassing or solids dissolution in
[241-AN-105 or 241-AN-104 (two
224-kW [300-hp] mixer pumps), and

@) mixing and sampling of LAW feed in
[241-AP-102 or 241-AP-104 (one
224-kW [300-hp] mixer pump).

Utility Distribution, -
Instrumentation and Control

(1.2 DST 1&C, 5.4
Electrical)

6. Sample
Waste

P1. Ensure compatibility
between sending and receiving
tanks

1, Provide capability for taking multiple
representative grab samples of the waste
from one or more risers. Waste
compatibility testing is performed per
lexisting DQOs. :

HNF-SD-WM-DQO-001, Data Quality
Objectives for Tank Farm Waste .
Compatibility Program

Sampling System and
IAnalysis System

(1.1 DST Structure)

P2. Confirm waste composition
and inventory within contract

specifications

1.Reserved

0 UOISIAY
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Table 4-1. Process Needs Assessment for 241-AZ Tank Farm Supporting Phase 1 Feed Delivery.

Process step

Qualitative process need

Quantitative tank-specific process need

Basis

At'tbcléd systems
(applicable SSCs)

7. Transfer
Supernate from
Tank

1. Avoid solids accumulation
which could plug the transfer
line. Avoid solids precipitation
during transfer due to cooling or
dilution

2. The total sample volume, will meet the
sample volume needs for: analysis of the
tank waste to support feed certification, a
sample to BNFL, and archive sample
material. The tank waste sample provided
to BNFL will contain at least 200 grams of
isolids. Tank waste conditions such as
temperature and tank volume will be
identified at the time of sampling. Samples
of each HLW feed tank will be provided to
the privatization contractor at least 30 days
prior to the first transfer of such waste to
the contractor’s feed tank and no later than
5 days after sampling of the feed baich.

[TWRS-P Project Interface Control
Document, BNFL-5193-1D-20, Rev. 2.

and Control

(1.1 DST Structure, 1.2
DST 1&C)

Sampling, Instrumentation

3. The HLW tank waste sampling method
(core sampling or grab sample techniques)
will be established for each tank waste
based upon the waste characteristics and
capability of the system. Immediately
following the shutdown of the mixer
pump, approximately equal volume grab
samples of waste material will be obtained
from every 0.61 m (2 ft) of waste height
from below a single riser for a grab
sampling technique. (For a core sampling
techynique a core the entire height of the
tank waste will be obtained).

1. Reserved (None)

(TWRS-P Project Interface Control
Document, BNFL-5193-1D-20, Rev. 2.
Either grab sample or core sampling
techniques are allowable to sample tank
contents.

Sampling

(1.1 DST Structure)

IP2. Remove targeted waste
volumes/levels.

Reserved (None)

P3. Prevent components from
exceeding operating parameters

for the system.

Reserved (None)

0 UOISIASY
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Table 4-1. Process Needs Assessment for 241-AZ Tank Farm Supporting Phase 1 Feed Delivery.

Process step

Qualitative process need

Quantitative tank-specific process need

Basis

Affectéd systems
(applicable SSCs)

P4. Capability to flush the
transfer lines with inhibited
water.

Reserved (None)

8. Receive
Supernate into
Tank

P1. Do not overfill tank.

Reserved (None)

9. Transfer
Solids Slurry
from Tank

which could plug the transfer
line.

P1. Avoid solids accumulation *

1. Provide transfer system capable of
lachieving a waste transfer velocity of
1.8 10 2.7 msec (6 to 9 ft/sec).

2. Provide transfer pumps with a water
addition feature that will provide slurry
dilution capability at the pump suction.
The needed dilution water flow rate is

530 L/min (140 gal/min).

(This transfer velocity provides sufficient
energy to keep all expected solids
suspended during the waste transfer
without causing excessive erosion within
the piping system (Rockwell 198x).

Provides a means to dilute the slurry
concentration near the pump intake if
line pressure and flowrate indicate that a
line blockage is forming. Dilution water
flowrate equivalent to the minimum
design flow rate allows flow to be
established with dilution water prior to
transferring waste. This also allows the
capability to continue to operate the
pump without terminating a transfer if
blockage is thought to be forming. The
minimum acceptable linear flow rate for
slurries is 1.8 m/s (6 ft/s) (Rockwell
198x) which is equivalent to 530 m 3/min
(140 gal/min} through a 7.6-cm (3-in.)
ISCH-40 pipe.

(Waste Preparation and
[Transfer, Instrumentation
land Control

(1.2 DST 1&C, 2.2 Slurry
Pump)

Waste Preparation and
[Transter, Instrumentation
and Control, Utility
Distribution

(1.2 DST 1&C, 2.2 Slurry
Pump, 3.2 Chemical
Addition System, 5.3 Raw
\Water)

P2. Remove targeted waste
volumes/levels.

1. Determine total HLW solids mass
(expressed as non-volatile oxides)
transferred to the Privatization Vendor to
within a variability of TBD%.

[The accuracy will be determined based
on best reasonably achievable sampling
and analysis. Specific requirements will
be developed as part of the HILW

[Transfer Problem-Specific DQO (TBP,

Certa, et. al, 1998, HNF-XXX)

Instrumentation and Control,
Sampling

(1.2 DST 1&C) .

0 UOISIANY
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Table 4-1. Process Needs Assessment for 241-AZ Tank Farm Supporting Phase 1 Feed Delivery.

Process step

Qualitative process need

Quantitative tank-specific process need

Basis

Affecl-ed systems
(applicable SSCs)

P3. Prevent components from
exceeding operating parameters
for the system

1. In normal operation, maintain the
transfer system pressure drop below the
transfer line operating pressure. The
maximum line operating pressure can vary
between 16.9 to 28.2 kPa (230 to 400 psi)
depending on the transfer line.

2. Provide transfer pumps with a
maximum design head of 137 m (450 ft)
(TBR) total dynamic head at the target

flow rate of 530 L/min (140 gal/min).

(The transfer system needs to be designed
to either [imit the maximum provided
pump head below such that the
maximum operating pressure can not be
exceeded or a provide a pressure relief
mechanism. In the past, the tested
operating pressure has varied from

16.9 kPa (230 psi) to the current

28.2 kPa (400 psi) based on tank farm
construction specification B-131-C1,
Section 15490, Pipe Code M-25.

[The operating philosophy is that a

_[transfer pump be sized to meet the head

requirements for the longest expected
routing. For transfers with less head
loss, a variable speed device is used to
lower the pump’s operating curve to the
ystem curve so that operation is near
the best efficiency
point.(WHC-SD-WM-DGS-006, Rev. 0)
(see Appendix F.1.13)

Waste Preparation and
[Transfer, Instrumentation
and Control

(1.2 DST 1&C, 2.2 Slurry
Pump, 2.3 Piping Network)

(Waste Preparation and
(Transfer

(2.2 Slurry Pump)

3. Equipment used to transfer waste shall
[be able to operate under both normal
istartup and operation conditions. (Note:
for the currently planned system, prevent
icavitation of the transfer pump during
normal startup and operation conditions.
Net positive suction head required should
not exceed Net Positive Suction Head
Available at highest reasonable operating

temperatures. )

Pump cavitation can damage the transfer
ipump. Relevant waste properties are
determined for each transfer.
(WHC-SD-WM-DGS-006, Rev, 0)

[Waste Preparation and
(Transfer

(2.2 Sturry Pump)
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Table 4-{

l?rocess Needs Assessment for 241-AZ Tank Farm Supporting Phase 1 Feed Delivery.

Process step

Qualitative process need

Quantitative tank-specific process need

Basis

Affected systems
(applicable SSCs)

1. Control the rate of operation used to
transfer. (Note: for the currently planned
system, provide transfer pumps with a
'VFD capable of operating the pump from a
minimum speed of approximately 25%
speed to full speed operation.)

(This provides the flexibility to allow a
slow start during startup to allow fluids
to reach process-lubricated bearings
prior to full speed operation. Variable
speeds on transfer pumps enhance pump
life by allowing them to be operated at a
speed which will achieve the desired
waste flow rate while running the pump
near its best efficiency point.

5. Protect equipment from off normal
transfer conditions. (Note: for the
currently planned system, provide reverse
rotation and back flow protection for
transfer pumps.)

Reverse flow can result from back
flushing prior to startup and after
shutdown, drain back due to transfer line
lholdup and elevation differences when
pump is shut off, and incorrect phase
connection during wiring.
(WHC-SD-WM-DGS-006, Rev. 0).

(WHC-SD-WM-DGS-006, Rev. 0).

(Waste Preparation and
[Transfer, Instrumentation
land Control

(1.2 DST 1&C, 2.2 Shrry
Pump)

aste Preparation and
(Transfer

(2.2 Slurry Pump)

6. Provide in-tank components that can
withstand forces imparted by mobilization
and suspension equipment and remain
ioperable and retrievable from the DST. -
(Note: for the currently planned system,
provide slurry transfer pumps which can
Ibe operated during mixer pump operation
land withstand forces imparted by full
ispeed mixer pump, operation and remain

operable and retrievable from the DST

Minimization of feed batch variability
necessitates that the transfer pump
operates while the mixer pumps are
operating to maintain a uniform waste
suspension. Operation of mixer pumps
imust not cause the transfer pump to fail

r bend such that it can not be retrieved.
(see Appendix F.1.14)

Waste Preparation and
[Transfer

(2.2 Slurry Pump)

0 UOISIASY
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Table 4-1. Process Needs Assessment for 241-AZ Tank Farm Supporting Phase 1 Feed Delivery.

Process step

Qualitative process need

Quantitative tank-specific process need

Basis

Affected systems
(applicable SSCs)

[7. Monitor equipment to maintain system
in operation. (Note: for the currently
planned system, identily impending pump
failure as soon as possible. Transfer
jpumps should be instrumented, at a
minimum, to provide remote readout of
[pump motor amperage and shaft rotational
speed.

Indication of impending pump failure
will be used to initiate preparation for
pump replacement (waste feed transters
will usually be on the critical path). (see
appendix F.1.15 regarding running a
transfer pump to failure)

Pump motor amperage may be obtained
through the VFD. It provides indication
of motor condition and pump operating
parameters. Shaft rotational speed
provides indication of pump operating
parameters. Pump motor winding and
bearing temperatures exceeding
equipment specifications can be
indication of impending pump failure.

8. Provide transfer system components
capable of transferring waste with a density
as high as 1.4 g/ml.

9. Provide transfer system components
capable of handling wastes with a pH of 7
(TBR) or greater.

[This is the maximum waste density
expected to be produced for transfer.
Densities greater than this generally
contain precipitated major sodium salts,
HLW slurry transfers will generally be
less than 1.2 g/ml. (see appendix
F.1.18)

All waste will be on the basic side. Raw
water will have a pH as low as 7 (WHC-
SD-WM-DGS-006, Rev. 0). The pH of
raw water from the Columbia River
typically ranges from TBD. (see
lappendix F.1.16)

Instrumentation and Control

(1.2 DST 1&C)

‘Waste Preparation and
(Transfer

(2.0 DST Transfer System)

(Waste Preparation and
[Transfer

(2.0 DST Transfer System)

10. Provide a transfer system which
prevents the occurrence of water hammer
resulting from reconfiguration of the
system during the transfer.

[Water hammer can damage the integrity
of the transfer system and should be
avoided to the extent possible by system
design and operational controls.

Waste Preparation and
(Transfer

(2.0 DST Transfer System)

(0 UOISIASY
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Table 4-1. Process Needs Assessment for 241-AZ Tank Farm Supporting Phase 1 Feed Delivery.

Process step

Qualitative process need

Quantitative tank-specific process need

Basis

Aff"ected systems
(applicable SSCs)

P4. Capability to flush the
transfer lines with inhibited
water.

1. Provide a diluent system to flush the ’
transfer lines with inhibited water at
530 L/min (140 gal/min) (TBR).

Flushing of the transfer lines is
necessary to remove any deposited solids
land to flush high ionic strength waste
out of the lines to avoid line pluggage
and minimize corrosion. The identified
flow rate provides the ability to flush the
transfer lines at a tlow rate that is
equivalent to the actual transfer activity.
(see appendix F.1.3 and F.1.4)

[Waste Preparation and
[Transfer, Instrumentation
land Control, Utility
Distribution

(1.2 DST 1&C, 2.0 DST
Transfer System, 3.2
Chemical Addition System,
5.3 Raw Water)

2. The flush direction should be from the
applicable 241-AZ pump pit to the
Privatization Contractor facility (TBR).

[The current W-314 design is configured
to drain from the HLW privatization
contractor interface back to 241-AZ..
Interfaces with the privatization
contractor have not been finalized.
therefore assume that PHMC must
provide flushing capability. (see
\Appendix F.1.19)

Waste Preparation and
[Transfer

(2.3 Piping Network, 3.2
Chemical Addition System)

3. Flush transfer lines with water volumes
lequivalent to 1.5 times the transfer line
internal volume.

#A. Flush water inlet can be at the transfer
pump inlet or in the pump discharge line.

(The standard flush volumes are 1-2
equivalent line volumes. (see appendix
F.1.17)

[The flush water will serve the same
[purpose with either inlet point. (see
lappendix F.1.19)

Waste Preparation and
[Transfer, Instrumentation
land Control, Utility
Distribution

(1.2 DST 1&C, 3.2
Chemical Addition System,
5.3 Raw Water)

Waste Preparation and
[Transfer

(2.2 Slurry Pump, 2.3
Piping Network)

10. Receive
Solids Shurry
into Tank

P1. Do not overfill tank

1. Provide tank level monitoring and alarm
systems

fTank level monitoring is a standard
material balance approach for
monitoring progress of a waste transfer.
Material balance calculations are used
for detection of leaks or misroutings per
[HNF-SD-WM-TSR-006, 5.12.2.b. (see

[Table 4.2 Safety Requirement 7.51.1)

[nstrumentation and Control

(1.2 DST 1&C, 4.0 DST
Monitor and Control
System)
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Table 4-1. Process Needs Assessment for 241-AZ Tank Farm Supporting Phase 1 Feed Delivery.

Process step

Qualitative process need

Quantitative tank-specitic process need

Basis

Affected systems
(applicable SSCs)

P2. Minimize generation of
acrosols in 241-AY and 241-AZ
(Tank Farms

drop leg or other method of discharging
liquid beneath tank waste surface.

1. In241-AZ and 241-AY tanks, provide a {HNF-2783, Slurry Distributor Affects on

piping resulting from settling out of

Ventilation System, Unacceptably high
radiation fields would be produced in the
[702-AZ ventilation system ductwork and

acrosols generated by waste discharges
into the tank headspace.

‘Waste Preparation and
(Transfer

(2.3 Piping Network, 2.4
Slurry Distributor)
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Table 4-2. Safety Requirements Assessment for 241-AZ Tank Farm in Support of Phase 1 Feed Delivery.

Process step

Qualitative process safety
objective

Quantitative Tank-Specific Process Safety
Requirement

Safety Basis Reference

Aftected Systems

1. Safe
Storage

SI. Manage flammable gas
hazards

1. Reserved

2. Manage tanks AZ-101 and AZ-102 as
Facility Group 2 assignments. -

HNF-SD-WM-TSR-006, Rev. 0,
Section 5.9, Administrative Controls,
Flammability Controls

Waste Preparation and
Transfer, Instrumentation
and Control

(1.2 DST 1&C, 2.1 Decant
Pump, 2.5 Supernate
Pump, 3.2 Chemical
Addition System, 4.0 DST
Monitor and Control
System)

3. Maintain flammable gases
concentrations no greater than 25% of the
lower flammability limit

HNF-SD-WM-TSR-006, Rev. 0,
Section 5.9, Administrative Controls,
Flammability Controls

Waste Preparation and
Transfer, Instrumentation
and Control, Ventilation

(1.2 DST I&C, 1.3 DST
Ventilation, 3.1 Mixer
Pump, 4.0 DST Monitor
and Control System)

S2. Manage potential ignition
sources that can initiate a fire
or flammable gas deflagration.

1. Reserved

2. Flammable gas ignition source controls
for Tanks AZ-101 & AZ-102 are Facility
Group 2 requirements.

HNF-SD-WM-TSR-006, Rev. 0,
Section 5.10, Administrative Controls,
Ignition Controls

Waste Preparation and
Transfer

(2.1 Decant Pump, 2.5
Supernate Pump, 3.2
Chemical Addition System)

0 UOISIAY
TP67T-ANH



144

Table 4-2. Safety Requirements Assessment for 241-AZ Tank Farm in Support of Phase 1 Feed Delivery.

Process step

Qualitative process safety
objective

Quantitative Tank-Specific Process Safety
Requirement

Safety Basis Reference

Aftected Systems

3. An active primary ventilation system
shall be operable for all DSTs and AWF
tanks

Limiting condition for operation (LCO)
3.2.1, active ventilation provides
control of airborne contamination,
active ventilation also serves o
maintain flammable gas concentrations
below 25% of the LFL.

Ventilation,
Instrumentation and
Control

(1.2 DST I&C, 1.3 DST
Ventilation, 4.0 DST
Monitor and Control
System)

$3. Monitor flammable gas
COl]CCIl[rilliOIlS to prcvcn[
deflagration

1. Reserved

S4. Provide operable transfer
system covers

. Transfer system covers associated
with structures that are physically
connected to an active waste transfer
pump not under administrative lock or
under the control of AC 5.22, “Transfer
System Cover Removal Controls” shall
be operable.

HNF-SD-WM-TSR-006, Rev. 0,
Section 3.1.1, Limiting Conditions for
Operation, Transfer System Covers

Waste Preparation and
Transfer

(1.1 DST Structure)

S5. Provide service water
pressure detection

1. Service water pressure detection
systems that are physically connected to
an active waste transfer pump not under
administrative lock shall be operable.

HNF-SD-WM-TSR-006, Rev. 0,
Section 3.1.2, Limiting Conditions for
Operation, Service Water Pressure
Detection Systems

Utility Distribution
Instrumentation and
Control

(1.2 DST 1&C, 2.1 Decant
Pump, 2.2 Slurry Pump,
2.5 Supernate Pump, 3.2
Chemical Addition System,
4.0 DST Monitor and
Control System, 5.3 Raw
Water)

S6. Provide transfer leak
detection

1. Leak detection in all process pits,
diversion boxes, vault pits, and cleanout
boxes physically connected to an active
waste transfer pump that is not under
administrative lock shall be operable.

HNEF-SD-WM-TSR-006, Rev. 0,
Section 3.1.3, Limiting Conditions for
Operation, Transfer Leak Detection
Systems

Instrumentation and
Control

(1.2 DST 1&C, 4.0 DST
Monitor and Control

System)
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Table 4-2. Safety Requirements Assessment for 241-AZ Tank Farm in Support of Phase 1 Feed Delivery.

Process step

Qualitative process safety
objective

Quantitative Tank-Specific Process Safety
Requirement

Safety Basis Reference

Affected Systems

2. Waste temperature shall not exceed
121°C (250 °F).

BIO Safety Limit 2.1.1

Ventilation,
Instrumentation and
Control

(1.2 DST 1&C, 1.3 DST
Ventilation, 4.0 DST
Monitor and Control
System)

St1. Prevent primary tank
overfilling

1. Provide instrumentation, monitoring
and controls for service water to avoid
overfilling a waste tank in the event of a
water line break.

A service water flow totalizer is
specified by the BIO (pg. 5.4-58) as a
preventative and mitigative SSC against
a water line break overfilling a tank.

Instrumentation and
Control

(1.2 DSTI&C, 4.0 DST
Monitor and Control
System)

S12. Prevent subsurface
release of radioactive materials
due to leaks in multiple tanks.

1. Provide primary tank leak detection,
tank level monitoring, and temperature
monitoring, and transfer controls on
waste pH.

Controls and Instrumentation specified
by the BIO (pg. 5.4-153) to prevent
and mitigate leaks resulting from tank
and tank component corrosion.
Temperature monitoring prevents one
possible cause of tank failure and is a
possible indicator of tank heat up
resulting from a leak.

Instrumentation and
Controt

(1.2 DST I&C, 4.0 DST
Monitor and Control
System)
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Table 4-2. Safety Requirements Assessment for 241-AZ Tank Farm in Support of Phase 1 Feéd Delivery.

Process step

Qualitative process safety
objective

Quantitative Tank-Specific Process Safety
Requirement

Safety Basis Reference

Affected Systems

4. Add
Diluent to
Tank

S1. Prevent contamination of
service water systems

1. Prevent backflow of waste from active
waste transfer pump into service water
systems that are physically connected
during transfer

TSR Control LCO 3.1.2 requires that
service water pressure detection
systems be operable. Flushing system
pressure switches and associated
interlocks with waste transfer pumps or
alarm response are used to stop
inadvertent waste flow into tlushing
systems in transfer-associated
structures that do not have covers. This
prevents potential leaks from
developing outside the transfer path.
The pressure switches and associated
interlocks or alarm response also
prevent radioactive material from
contaminating the service water supply
systen.

Waste Preparation and
Transfer, Instrumentation
and Control

(1.2 DSTI&C, 3.2
Chemical Addition System)

S. Mix Tank
Contents

S1. Control tank waste
temperature

1. Tank waste temperature shall be
either: €90.6°C (195°F) in all levels of
the waste; or <90.6 (195°F) in the top
4.6 m (15 tt) of the waste and <102°C
(215°F) in the waste below 4.6 m (15 f1).

HNF-SD-WM-TSR-006, Rev. 0,
Section 3.3.2, Limiting Conditions for
Operation, DST and AWF Tank Waste
Temperature Controls, prevents tank
bump or steam release event, protects
against a postulated “chemical
runaway” accident (Organic Salt-
Nitrate Reaction)

Ventilation,
Instrumentation and
Control, Waste Preparation
and Transter

(1.2 DST 1&C, 1.3 DST
Ventilation, 3.1 Mixer
Pump, 4.0 DST Monitor
and Control System)

2. Temperature changeover time for
solutions in tanks shall be <5.5°C (10
°F)/hr (< 52°C [125 °F]) or <11°C (20
OF y/day (>52°C [125 °F])

OSD-T-151-00007, rev H-19, Waste
temperatures are limited to prevent
excessive stress to the primary tank and
structural degradation of the concrete
shell. High temperatures, rapid
temperature cycling and extreme
temperature gradients can cause
concrete deterioration and cracking.

Ventilation,
Instrumentation and
Control, Waste Preparation
and Transfer

(1.2 DST 1&C, 1.3 DST
Ventilation, 3.1 Mixer
Pump, 4.0 DST Monitor
and Control System)

0 UOISIADY
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Table 4-2. Safety Requirements Assessment for 241-AZ Tank Farm in Support of Phase 1 Feed Delivery.

Process step

Qualitative process safety
objective

Quantitative Tank-Specific Process Safety
Requirement

Safety Basis Refercnce

Affected Systems

3. Temperature gradients of solution in
tanks shall be < 102°C/m (55 °F/ft)
within the solution and at the
solution/vapor interface

OSD-T-151-00007, rev H-19, Waste
temperatures are limited to prevent
excessive stress to the primary tank and
structural degradation of the concrete
shell. High temperatures, rapid
temperature cycling and extreme
temperature gradients can cause
concrete deterioration and cracking.

Ventilation,
Instrumentation and
Control, Waste Preparation
and Transfer

(1.2 DST 1&C, 1.3 DST
Ventilation, 3.1 Mixer
Pump, 4.0 DST Monitor
and Control System)

4. Tank 241-AZ-101 air lift circulation
must be operable when waste solution
temperature is >93°C (200 °F) and
when sludge temperature is > 110°C
(230 °F).

Note: it is assumed that this will also be
applicable to tank 241-AZ-102.

BIO Addendum 1, Section 3.4.4,
Required to avoid a steam bump. This
requirement is currently only
applicable to performance of the AZ-
101 Mixer Pump Process Test. It is
assumed that a similar requirement will
be in place during waste feed delivery
activities for both 241-AZ aging waste
tanks.

Waste Preparation and
Transfer, Instrumentation
and Control, DST Utility
Distribution System

(1.1 DST Strucwre, 1.2
DST 1&C, 4.0 DST
Monitor and Control
System, 5.1 Compressed
Air)

$2.Monitor for leaks or line
misroutings

1.Provide instrument air to weight factor
leak detection systems at an appropriate
flow rate and pressure.

TSR Control LCO 3.1.3 requires
transfer system leak detection systems
to be operable during a transfer. If the
weight factor leak detection systems do
not receive instrument air they will not
function.

Utility Distribution,
Instrumentation and
Control

(1.2 DST 1&C, 4.0 DST
Monitor and Control
System, 5.1 Compressed
Air)

0 UOISIASY
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Table 4-2. Safety Requirements Assessment for 241-AZ Tank Farm in Support of Phase 1 Feed Delivery.

Process step

Qualitative process safety
objective

Quantitative Tank-Specific Process Safety
Requirement

Safety Basis Reference

-

Affected Systems

9. Transfer
Solids Slurry
from Tank

S1. Monitor for leaks or line
misroutings

1. Perform material balance calculations
during each waste transfer, Calculations
shall be performed at 30 and 60 minutes
following waste transfer initiation and
every 2 hours thereafter until the transfer
is complete (safety constraint)

HNF-SD-WM-TSR-006, 5.12.2.b.
Timely detection of leaks or
misroutings.

Instrumentation and
Control

(1.2 DST'I&C, 4.0 DST
Monitoring and Control
System)

2.Provide instrument air to weight factor
leak detection systems at an appropriate
flow rate and pressure.

TSR Control LCO 3.1.3 requires
transfer system leak detection systems
to be operable during a transfer. If the
weight factor leak detection systems do
not receive instrument air they will not
function.

Utility Distribution,
Instrumentation and
Control

(1.2 DST 1&C, 4.0 DST
Monitor and Control
System, 5.1 Compressed
Air)

$2. Prevent contamination of
service water systems

1. Prevent backflow of waste from active
waste transfer pump into service water
systems that are physically connected
during transfer

TSR Control LCO 3.1.2 requires that
service water pressure detection
systems be operable. Flushing system
pressure switches and associated
interlocks with waste transfer pumps or
alarm response are used {o stop
inadvertent waste flow into flushing
systems in transfer-associated
structures that do not have covers. This
prevents potential leaks from
developing outside the transfer path.
The pressure switches and associated
interlocks or alarm response also
prevent radioactive material from
contaminating the service water supply
system.

Waste Preparation and
Transfer, Instrumentation
and Control

(1.2 DST 1&C, 3.2
Chemical Addition System)

$3. Detect subsurface leaks
that remain subsurface

1. Transfer leak detection systems in
systems and structures connected to a
waste transfer pump and pipe-in-pipe
encasements shall be operable

TSR Control LCO 3.1.3 requires
transfer system leak detection systems
to be operable during a transfer.

Instrumentation and
Control

(1.2 DST 1&C, 4.0 DST
Monitor and Control

System)

0 UOISIASY
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Process step

Qualitative process safety
objective

Quantitative Tank-Specific Process Safety
Requirement

Safety Basis Reference

Table 4-2. Safety Requirements Assessment for 241-AZ Tank Farm in Support of Phase 1 Feed Delivery.

Affected Systems

S4. Mitigate transfer spray leak

1. Ventilation stack CAM interlock
systems shail be operable

TSR Control LCO 3.1.4 requires that
ventilation stack CAMs and interlock
systems be operable. The ventilation
CAM interlock detects increasing
radiological effluent release and stops
the ventilation exhaust fan on DSTs,
AWEF tanks, and actively ventilated
SSTs (C and SX tank farms) within 10
minutes. Stopping the exhaust fan
protects against the continued
unfiltered release of radioactive and
toxic materials following the breach of
the filter. -

Instrumentation and
Control

(1.2 DST 1&C, 4.0 DST
Monitor and Control
System)

10. Receive
Solids Slurry
into Tank

S1. Control tank waste
temperature

1. Tank waste temperature shall be
either: <90.6°C (195°F) in all levels of
the waste; or <90.6°C (195°F) in the
top 4.6 m (15 ft) of the waste and
<102°C (215°F) in the waste below 4.6
m (15 ft).

HNF-SD-WM-TSR-006, Rev. 0,
Section 3.3.2, Limiting Conditions for
Operation, DST and AWF Tank Waste
Temperature Controls, prevents tank
bump or steam release event, protects
against a postulated “chemical
runaway” accident (Organic Salt-
Nitrate Reaction)

Ventilation,
Instrumentation and
Control, Waste Preparation
and Transfer

(1.2 DST 1&C, 1.3 DST
Ventilation, 3.1 Mixer
Pamp, 4.0 DST Monitor
and Control System)

(0 UOISIAYY
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5.0 WASTE PREPARATION AND TRANSFER SYSTEMS

The 241-AZ tank farm feed delivery system is graphically depicted in Figure 5-1. The
wéste transfer routes from 241-AZ-101 and 241-AZ-102 are depicted in red showing proposed
routings through the new transfer lines and valve pits defined under Project W-314 and
terminating at the HLW vendor interface. Diluent addition and primary exhaust routes are also
depicted in Figure 5-1. Appropriate new mixer and transfer pumps to support process needs
are shown in each 241-AZ tank. Current tank volumes and relative levels of sludge and
supernate are also shown.

5.1 MIXER PUMPS
Properly designed mixer pumps will perform the following functions:

. Degas the waste. In some of the waste tanks hydrogen gas (which results from
radiolytic processes) builds up in the sludge and crust layers and then is released
in a gas release event. Controlled waste degassing prevents the release event
from occurring during waste transfers.

. Mobilize and suspend/homogenize solids into the liquid thus allowing solid
materials to be transferred and removed from a tank. :

. Provide contact between soluble solids (salts) and the diluent liquid in the tank
; to aid in the dissolution process.

The alternative case in DeLozier (1998) identifies tanks 241-AZ-101 and 241-AZ-102-
as being retrieved as HLW feed. Only one of the mixer pump functions (solids suspension) is
required in these two tanks.. These two tanks will also serve as HLW feed staging tanks for
additional HLW retrieved from other tanks. Although the M&I contractor team no longer is
responsible for establishing sludge washing capability, the HLW feed must consist of relatively
homogenous slurry transferred in batches as often as once monthly. Mixer pumps must be
installed in both tanks which can homogeneously suspend the solids now present in the tanks as
well as future HLW transferred to these HLW feed staging tanks.

5.1.1 Process Needs
The quantitative process needs which apply to the waste preparation and transfer

system, including mixer pumps, are summarized as part of Table A-1. - The mixer pumps are
required to suspend the solids in tanks 241-AZ-101 and 241-AZ-102.
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5.1.2 Existing and Planned Mixer Pumps

Project W-151 has installed two 224-kW (300-hp) mixer pumps into 241-AZ-101.
These mixer pumps will be tested during fiscal year 1999.

5.1.3 Comparison of Existing and Planned Equipment to Expectations

Based on sludge mobilization testing (Powell et al. 1995), the mixer pumps are
thought to be capable of mobilizing waste solids. It is important to note that a full scale test of
a two mixer pump systems ability to mobilize sludge has not yet been performed. There are
two mixer pumps located in tank 241-AZ-101, and a full scale test using this system is
scheduled to occur in May or June 1999.

A potential issue with the mixer pumps is that the intake and outlet of the mixer pumps
are located near the bottom of the pump. The sludge in at least some of the tanks is extremely
viscous, and will resist pumping. It is not clear from the current design how the pumps are to
be started either initially, or after a period of inactivity. If a sufficient amount of water cannot
be added to the tank near the inlet of the mixer pumps, it will be very difficult or perhaps
impossible to start the pumps without causing cavitation and potential failure of the mixer
pumps. It may be necessary to redesign the mixer pumps such that the intake is located in the
supernate and the discharge at the bottom to aliow the mixer pumps to be started without
cavitating. Ideally, the mixer pump design would include two or more intake heights which
could be controlled such that the intake would remain in the liquid as the level in the tank were
drawn down.

i

5.2 TRANSFER PUMPS AND PIPING AND VALVE ROUTINGS

5.2.1 Process Needs

Table H-1 of the TWRSO&UP (Kirkbride et al. 1997) identifies the projected transfers
occurring in all tank farms through October 2011. The projected transfers are no longer fully
consistent with the alternative case identified in DeLozier (1998). Both the previous set of
transfers associated with sludge washing and the new set of transfers associated with DeLozier
(1998) are identified in Table A-2. The set of transfers consistent with DeLozier (1998) will
be examined as the set of transfers supporting waste feed delivery and all other relevant tank

_farm operations specific to 241-AZ.
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241-AY & 241-AZ'T ANK FARM Figure 5-1. Tank Farms 241-AY and 241-AZ
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5.2.2 Existing and Planned Transfer Pumps and Piping and Valve Routings

Table A-3 postulates a route for each transfer between tanks that is identified in
Table A-2 consistent with DeLozier (1998). Table A-3 identifies whether all transfer
equipment for tank to tank transfers either exists or is planned based on best available
-drawings, project documents, and other available information. Table A-3 is also used to
compare the existing and planned transfer route equipment to the process needs. This
comparison is discussed below.

5.2.3 Comparison of Existing and Planned Equipment to Process Needs

5.2.3.1 Comparison of Existing and Planned Piping and Valving Routings to Process
Needs. Table A-3 provides a transfer equipment availability matrix identifying whether
equipment is currently installed (and planned to remain installed rather than removed as part of
an existing project) or whether the equipment is within the planned scope of a project.

5.2.3.2 Comparison of Existing and Planned Transfer Pumps to Process Needs. All
planned transfers from 241-AZ tank farm are slurry transfers with up to 200 grams of
unwashed solids per liter (DOE 1998). Table A-4 provides a transfer pump matrix identifying
whether a transfer pump is.currently installed (and planned to remain installed rather than
removed as part of an existing project) or whether the necessary equipment is within the
planned scope of a project. The type of pump planned for each transfer is also identified as
well as the equivalent length of the transfer. The equivalent length of the transfer is used in
determining the adequacy of the particular pump in meeting the process needs. The equivalent
length is calculated by combining straight line length with length factors for various fittings
‘and bends. Equivalent length and overall changes.in height (hydraulic head) for portions of the
various transfer routes is identified in Table A-5.

Of issue in the AZ tank farm is the current waste minimum in the tank. Both
241-AZ-101 and 102 currently have a minimum waste level of 1.6 m (64 in.) in the tanks as
listed in OSD-T-151-00017. The annulus pump pits in each tank drain into tanks at a level of
1.63 m (64 in.) above the tank bottom. If the level in the tanks are drained to below 1.63 m
(64 in.), the annulus ventilation system may draw contaminated vapor into the annulus pump
pit, if the primary ventilation system is not operating but the annulus ventilation system is
operating.

5.3 CHEMICAL ADDITION AND FLUSHING SYSTEMS

5.3.1 Process Needs

Liquids are added to the waste or to the transfer lines to dilute the waste, disolve
soluable solids in the waste, adjust a characteristic of the waste such as pH, and to remove
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waste residuals from the transfer line. The liquids used consist of water with added caustic,
nitrite, or nitrate compounds to inhibit corrosion or to adjust the waste characteristic. It is
anticipated that most of the additions in tanks 241-AZ-101 and -102 will most likely consist of
water flushes, which are used to remove residual waste from the transfer lines, will likely
consist of dilute caustic and nitrite solutions. The dilute caustic and nitrite solutions are used
to prevent corrosion of the transfer lines.

The diluent added to the tanks is introduced either at the transfer pump intake in the
injtial stages of waste retrieval from the tanks that are full, or directly to the tank once the tank
level allows suficient volume to allow direct addition. The quantitative process needs
associated with the additions of diluent or flush are presented in Appendix A, Table A-1.

5.3.2 Existing and Planned Chemical Addition and Flushing System

The current flush system is not capable of delivering dilution water or flush solution at
the required rate of 530 L/min, and the new chemical addition and flushing system design for
the 241-AN Tank Farm has not yet been completed. (Note: The 241-AN tank farm chemical
addition and flushing system will be used for dilution and flushing in the 241-AZ Tank Farm
consistent with Rieck 1998). For the purpose of this document it is assumed that the chemical
addition and flushing system design for the 241-AZ Tank Farm will be functionally identical to
the chemical addition and flushing system design for the 241-AP Tank Farm. The chemical
addition and flushing system design for the 241-AP Tank Farm consists of a tank, heater(s),
chemical metering pumps, and piping systems to deliver the flush/diluent. The system is
designed to deliver up to 530 L/min of chemical adjusted (NaOH, NO,, etc.) water at a
temperature up to 66°C.

5.3.3 Comparison of Existing and Planned Equipment to Process Needs
With the assumption that the 241-AN Tank Farm dilution system design will be

functionally identical to the 241-AP Tank Farm dilution system design, the system will be
capable of meeting the process needs identified in Table A-1.
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6.0 UTILITY DISTRIBUTION SYSTEMS

6.1 COMPRESSED/INSTRUMENT AIR SYSTEMS

The 241-AZ and 241-AY tank farms share a compressed/instrument air system which is
located in the 701-A Building. It consists of two large capacity air compressors with a large
capacity reservoir. Additionally, there are two emergency backups and generators. The
system is capable of providing sufficient air to the Air Lift Circulators in the Aging Waste
Facility (AWF). Therefore, any instrument air requirements will be easily met. This
equipment is currently installed and can be verified as meeting the requirements for performing
their safety significant functions.

The instrument air system supports the transfer systems into or out of the Aging Waste
Facility. It provides instrument air to the weight factor leak detection system which are
required to be operational per the Authorization Basis, technical safety regirement (TSR)
limiting condition for operation (LCO) 3.1.3, Transfer Leak Detection Systems. Normally
redundant air source may be required; however, the weight factor leak detection system is
backed up by portable conductivity probes.

The system also supplies air to an instrument enclosure (241-AZ-102A) and to various
other instruments. Refer to Drawing H-2-68355, Sheets 1-7, IEFD Tank Farm.

6.2 RAW WATER SYSTEM

Raw water is supplied via a raw water line and trucks. Tanker trucks transport hot raw
water used in 241-AZ tank farm. The raw water is then delivered to the transfer line or tank,
via the tanker truck booster pump and some sort of jumper or connection to the transfer line.
The use of “flush”jumper connections or other means will require additional steps by
Operations to perform a flush after a transfer. Planned transfers routes from the 241-AZ tank
farm may be as long as one mile. A one line volume flush would require approximately
30.3 m3 (8,000 gal) of raw water. Tanker truckers typical capacity is in the range of
15 to 19 m? (4,000 to 5,000 gal). Therefore, two to three water trucks would be required to
perform the flush. Performing flushes on a routine basis, i.e., two to three times a month and
more, may be difficult for operations to support; therefore, additional equipment may be
necessary to ease the operational burden.

The raw water system in 241-AN tank farm is planned to be upgraded by Project

W-211 for 241-AZ-102 waste dilution and pipeline flushing (Rieck 1998). Although a specific
interface point has not been chosen, a fumber of options exist (Rieck 1998).
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6.3 ELECTRICAL DISTRIBUTION SYSTEM

The existing tank farms electrical supply may not be adequate to supply either the
process need maximum load or the schedule based maximum electrical load. The process need
load is more conservative than the postulated schedule load. The process need requires the
independent operation of retrieval equipment in each of the four 200 East Area DST farms.
This is equivalent to running two mixer pumps and one transfer pump in each farm, or, eight
224-kW (300-hp) mixer pumps and four 44-kW (60-hp) transfer pumps. The postulated
schedule load is based on the integrated schedules. The integrated schedules show that at least
once in each of the first three years of processing up to nine mixer pumps and one transfer
pump may be needed simultaneously to suspend and transfer solids.

The substation installed by Project W-151 is fed from 13.8 KV line number C8-L6.
The capacity of this line is approximately 7 MW and the existing average demand load is
approximately 3 MW. The power requirement for a pair of 224-kW (300-hp) mixing pumps
and a 44-kW (60-hp) transfer pump is about 640 KVA. The simultaneous operation of nine
mixer pumps (one set of mixers in each of 241-AY-102 [four 112 kW (150 hp)], AZ Farm
{two 224 kW (300 hp)] and AN [or AW] Farm {two 224 kW (300 hp)] and one {224-kW
(300-hp)] mixer in AP Farm) cannot be achieved. Load flow and voltage drop analysis of
13.8 KV line C8-L6 indicates that the line cannot provide power to the postulated schedule
maximum TWRS load of nine mixer pumps and one transfer pump operating simultaneously
without experiencing excessive voltage drop in the tank farm area. The voltage drop will also
be excessive for the process need requirement since it is more conservative than the postulated
schedule load. To resolve this potential issue the possibility of transferring some tank farm
10ads to other electrical supply lines in the area (lines C8-L5 and C8-L8 are the most likely
candidates) could be explored. Or, a more detailed examination of schedule constraints for
simultaneous operation of nine mixer pumps could be examined and the process need for
independent operation of each farm can be modified. The load flow study is surnmarized in
Appendix F.3.1. A load projection study is also in progress to evaluate the changes in other -
loads on the distribution line in future years.

Project W-151 installed a substation that is adequately sized (1000 KVA) to support
operation of a portion of the AZ retrieval system, although power availability will be limited to
the concurrent operation of two mixer pumps and two transfer pumps for the combined AN
farm and AZ farm retrieval systems. The AN system will allow for the flexibility of running
one mixer pump in each of two tanks. If it is determined that simultaneous full speed mixing
with two pumps is required in both tank farms or more than two mixer pumps must be
operated in the 241-AZ tank farm (i.e., four mixer pumps total), then an upgrade of the
existing substation would be required. In addition, the modifications being made by project
W-211 will result in the existence of enough VFDs to operate four mixing pumps
simultaneously, and, again, the existing transformer is only adequate to run two mixer pumps
and two transfer pumps simultaneously. (However, it is uncertain at this time whether the
241-AZ tank farm ventilation system would be able to support the effects of heat input from
more than two mixer pumps operating at full speed [Rieck 1998]).
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Thus, in the event that more than two mixer pumps are required to be run

simultaneously in AN farm and/or AZ farm, the substation will require upgrading, including ‘
replacement of the existing transformer with a larger one.

6.4 STEAM SYSTEM

No process needs for steam have been identified for 241-AZ tank farm. There is no
steam in the aging waste complex.

These steam coils do not support any transfer system process needs. Therefore the
steam coil non-operation is acceptable.
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7.0 INSTRUMENTATION, MONITORING, AND CONTROL SYSTEM

The mobilization, retrieval, transfer, pretreatment, staging, and delivery of feed to the
private contractor takes place within the DST system. Operations within the existing DST
system are controlled within the Basis of Interim Operation (BIO) authorization. Many of the
in-tank processing steps associated with waste feed delivery will require new equipment and
procedures for completion of the program objectives. These new operations must be
monitored and controlled to stay within an approved authorization safety basis as well as to
deliver waste feed within the constraints established by the Phase I privatization contract.

Successful waste retrieval and delivery of the proper composition waste feed to the
private contractor within schedule requires that in-tank processing and transfers be effectively
controlled. Development and implementation of a successful process monitoring and control
system requires that overall process operational needs be clearly defined. These process needs
consist of both objectives and constraints. Objectives are variables which are controlled around
an optimal value whereas constraints are variables which must fall within certain bounds.
Based on these control objectives and constraints, data requirements and variables to be
monitored can be established. Plans can then be put in place to gather the needed data and/or
provide monitoring instrumentation and control systems if existing systems are not adequate.

This section summarizes, develobs, and documents the bases for a process monitoring
and contro! strategy which will provide for the safe and successful delivery of HLW feed to the
privatization contractor. The process monitoring and control strategy for each general process
activity is developed separately. A list of expected monitoring instrumentation is developed
for each process activity based on the control strategy. Each tank is then assessed individually
to determine if existing and planned systems can successfully implement the monitoring and
control strategy. As part of this assessment, expected instrument ranges, accuracies, and
precision are developed. The basis for the process monitoring and control strategy is
developed and documented in Appendix C of this document.

7.1 PROCESS MONITORING AND CONTROL STRATEGY

The following sections provide a proposed process control strategy for each of the
applicable process steps described in Section 3. Descriptions of the equipment, the system
requirements, the instrumentation requirements, and the system operation (starfup, normal, and
off-normal) are given for each process step.
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7.1.1 Safe Storage

Tanks 241-AZ-101 and 241-AZ-102 are DSTs designed to provide aging waste storage
space for high-level waste generated at the PUREX plant. To accommodate high-heat
generating wastes, air lift circulators, steam coils, and exhaust condensers have been installed
to minimize the probability of a loss of structural integrity.

The TWRS BIO requires that several systems and components used to monitor tank
conditions be operable to prevent or mitigate certain analyzed accident scenarios. These BIO
requirements provide much of the basis for the monitoring and control equipment needed to
ensure safe storage of the existing inventory as well as material that will be transferred to the
tanks as a part of future waste transfers. The current BIOS controls are used as the basis for
determining what will probably be minimum requirements. It is noted here that further
Authorization Bases (AB) requirements may be forthcoming.

7.1.1.1 Description of Primary Equipment. The primary equipment used to safely store
waste (other than the inner and outer tanks and supporting structures) include the following.

a. Active. ventilation system. Equipment includes high-efficiency particulate air
(HEPA)-filtered air inlets to the primary tank (with vacuum breakers), annulus
air inlets, a recirculation system for cooling, tank pressure controls, variable
speed fans, and a common annulus exhaust with HEPA filtration.

b. Air lift circulators. Each tank has 21 air lift circulators installed. These
circulators are long, open-ended cylinders of varying lengths immersed in the
, tanks’ contents. Compressed air from the instrument air discharges into the air
’ circulator and exits at the base of each cylinder causes a flow of waste from the
bottom to the top of the tank, thus mixing the contents. ,

c. Service water system. Filtered, raw water from the site water system is
available for priming, pump seals, and flushing for mixer and transfer pump
operations and can also be used to maintain waste temperature within
requirements. The BIO does not take credit for the availability of mixer pumps
during storage, but relies on the air lift circulators for the removal of “hot
spots” in the stored waste.

7.1.1.2 Description of Instrumentation. The instrumentation needed for monitoring and
control to ensure that wastes are stored safely are divided into two categories in the following
discussion. The measuring and control equipment (instrumentation) needed was determined by
evaluating the process step (safe storage) in more detail to establish needs and requirements
based on process needs (Table C-1), safety requirements (Table C-2) and postulated off-normal
operational occurrences (Table C-3). The resulting process parameters to be controlled are
captured from all three of the foregoing tables in Table C-4 in which the expected monitoring
and control approach is specified. The approach is, for the most part, at this point independent

62



HNF-2941
Revision 0

of existing or planned instrumentation. The following discussion explains the rationale for the
selected monitoring and control approach in Table C-4.

Primary Equipment Instrumentation

a. Active ventilation system. Instrumentation is needed to measure exhaust stack
air flow rate, presence of radiation in the exhaust stack, and differential pressure
across the inlet and exhaust HEPA filters for both the primary tank and anfulus
ventilation systems. Refer to Section 7.0 for details.

Exhaust stack air flow rate: The active ventilation system is required to be
operable at all times. Measurement and display of air flow rate will provide the
indication that the ventilation system is operable. Using an isokinetic air
sampler is recommended since the sampler is needed for radiation monitoring
[continuous air monitor CAM system] and air flow rate is available from the
same system.

Exhaust stack radiation: A continuous air monitor (CAM) to detect beta and
gamma radiation is required by the BIO. Presence of high radiation must also
be interlocked to trip the ventilation fan to preclude the release of
contamination. The CAM will alert the operator that HEPA filters have been
breached due to aerosol saturation, high temperature (fire) or breakthrough (low
differential pressure). Radiation values need to be indicated, recorded, and
alarm (hi) at greater than 10,000 cpm. (BIO TSR LCO 3.1.4)

’ HEPA filter differential pressure: High differential pressure is an indication

’ that the filter needs to be replaced before its capabilities degrade to the point of
failure.. High differential pressure can be easily monitored with a differential |
pressure transmitter, with displays locally and in a central control area.

b. Air lift circulators: Instrumentation is needed to measure instrument air supply
pressure and flow rates. The air lift circulators are required to be operable in
241-AZ-101 when the average waste solution temperature is greater that 88°C
(190°F). and when the sludge temperature is greater than 110°C (230°F). To
prevent excessive temperature gradients which in turn could lead to the release
of radioactive gases due to excessive boil-off rates (bumps). Pressure and flow
transmitters are needed to provide indication of pressure and flow values and
provide alarms for low pressure and low flow. No interlocks are required since
operator action will be required to re-establish the air supply. To satisfy LCO
3.3.4, when the air supply is inoperable, mixer pump operation must stop, cover
blocks must be in place, the primary tank ventilation system must be operating,
and the circulators must be returned to operable status within 20 hours.
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c. Service water system. The service water system supplies filtered raw water and
raw water with added inhibitors for use as tank waste diluent; mixer and transfer
pump initial column fill, seals, flushing, and decontamination; transfer piping
flushing; and slurry transfer diluent. The system can also be used for tank
waste temperature control during the “safe storage” process step along with
mixer pump needs if the latter is used to keep temperature gradients within
limits. Instrumentation needed for the service water system includes pressure
indication and alarms to determine system operability and a water flow totalizer
(TSR AC 5.21) to preclude overfilling of the primary tank. The latter will be
used in conjunction with primary tank level readings.

Tank Specific Instrumentation

a. Primary tank: The following instrumentation is needed to monitor and control
parameters required to maintain the tank’s integrity and to mitigate flammable
gas and tank “bump” concerns regarding the waste.

Vapor space pressure. The air space between the top of the waste and the tank’s
dome must be monitored for pressure. The pressure must remain negative, i.e.,
<0 m (0 in.) of water (vacuum), (Ref: TSR Bases B 3.2.1). Vapor space
pressure is the primary indication of proper operation of the active ventilation
system (TSR Bases B 3.2.1). An absolute pressure transmitter with remote
indication, high and low alarms, and a recorder (to record trends) are needed to
instrument vapor space pressure.

Hydrogen gas monitoring system. The 241-AZ tanks are classified as Facility
Group 2 which means that they are subject to large induced gas release events
(GRE) but a small spontaneous GRE. This means that operations such as
mixing that disturb the waste (induced GRE) have the potential to release
quantities of flammable gas into the vapor space that would exceed 25 percent of
the lower flammability limit (LFL). Also, the effects of a spontaneous GRE
(undisturbed waste) would not be sufficient to cause the vapor space to see
greater than 25 percent of the lower flammability limit (Ref. TSR AC 5.9).
Although several flammable gases could be released, analysis shows that a limit
of 7500 ppmv of hydrogen accommodates concentrations of mixtures of
flammable gases (BIO 5.3.2.14).

A hydrogen monitoring system that withdraws samples from the tank vapor
space is needed with hydrogen concentrations verified by sampling at least once
each 72 hour period. (Ref. TSR LCO 3.2.1) A continuous sampler is
recommended to better establish trends. Hydrogen concentrations need to be
indicated, recorded (with trending capability), and alarmed when they exceed
7500 ppmyv.
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Waste temperature. The BIO limits waste temperatures to less than 91°C
(195°F) in all levels of the waste OR to less than 91°C (195°F) in the top 4.6 m
(15 ft) of the waste and less than 102°C (215°F) in the waste below 4.6 m

(15 ft). This requires temperature detection at various levels within the waste.
Under static conditions, temperature should be measured at the supernate layer,
in the sludge layer, and at the air lift circulators (when they are in operation).
Additional measuring locations will be needed for process steps of mixing tank
waste and transferring waste from the tank. Temperature monitoring of the
waste includes obtaining, transmitting, receiving, recording, and displaying
temperature values with alarms set so as not to exceed the LCO limits. The
required accuracy is £ 0.6°C (1°F) according to WHC-SD-W314-ES-007
(Trade Study for Tank Waste Temperature). The expected accuracy using
thermocouples would be about + 1.6°C (2.8 °F). In order to obtain the
required accuracy, resistance temperature detectors (RTDs) are needed to obtain
the temperature values.

Primary tank level monitoring. During the safe storage process step, waste
level in the primary tank is required, in conjunction with primary tank leak
detection'and waste temperature, to prevent subsurface release of radioactive
materials due to leaks in multiple tanks (TSR AC 5.21). Tank level is also
required to prevent overfilling of the tank and to prevent uplifting of the bottom
(insufficient heel). The level of tank contents needs to be through direct means
to ensure that an accurate value is obtained that is independent of layering in the
tank and the condition of the interior tank wall. The recommended approach is
to use a float attached to a sensing system in a riser, similar to ENRAF™
equipment used for chemical storage tanks. The level values need to be
indicated (displayed), recorded, and alarms set at 1.6 m (64 in.) (lo), 9.25 m
(364 in.) (hi), and 9.40 m (370 in.) (hi-hi, safety limit). High alarm needs to be
interlocked to shutdown diluent addition while the low alarm is interlocked to
shutdown an operable transfer pump.

Se&ondary tank: The following instrumentation is needed to monitor and
contro] parameters required to detect leaks from the primary tank, transfer line
mis-routings, and to maintain temperatures within limits that maintain primary
and secondary tank structural integrity.

Annulus liquid level. Any waste leakage from the primary tank will be
collected in the annulus where it is channeled to the outside of the secondary
tank. Leak detector (conductivity) probes are needed to detect a liquid leak and
must be set within 2.54 ¢m (1 in.) of the bottom of the annulus (TSR LCO
3.2.6). At least one probe must be operable at all times. The presence of a
liquid is conveyed to the operator via audible and visible alarms.
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Radiation level. The second method of leak detection is the monitoring the
annular space for gamma radiation. Radiation is monitored using a CAM that
obtains a sample of the annulus ventilation exhaust downstream of the HEPA
filters. The CAM provides indication over a range of 0 to 10,000 dps with a
high radiation alarm set at 4,000 dps (WHC-SD-W314-ES-008, Trade Study for
Leak Detection). The high alarm is interlocked to shut down the annulus
ventilation fan.

7.1.1.3 Description of Other Support Systems. Not applicable to this process step.

7.1.1.4 Description of System Operation. See Section 7.1.1.2 above. Degassing the waste
is not applicable to 241-AZ tanks.

7.1.2 Process Step: Degas Feed

Degassing the waste is not applicable to 241-AZ tanks.

7.1.3 Process Step: Settle Solids

Settling solids is not applicable to 241-AZ tanks.

7.1.4 Process Step: Dissolve Solids

Disolving solids is not applicable to 241-AZ tanks..

7.1.5 PROCESS STEP: MOBILIZE AND SUSPEND SOLIDS

The purpose of the mixer pump is to mobilize greater than 90 percent of solids initially
in 241-AZ-101 and greater than 60 percent of the solids initially in 241-AZ-102. In addition,
these mixer pumps will be capable of mixing greater than 99 percent of solids transferred from
tank 241-AY-102.

7.1.5.1 Description of Equipment. Two Mixer pumps will be installed in tank 241-AZ-101
and 241-AZ-102. Each pump will be capable of rotating between 0-180° such that the
discharge nozzles can be aimed in any radial direction in the tank. The Diluent system will be
a skid mounted system consisting of caustic metering pumps, caustic supply truck bay, eye '
wash down center, caustic storage tank heating system, and encased pipes for caustic delivery
to the 241-AZ tanks. Table C-5 tabulates the monitoring and control instrumentation
parameters needed in support of Phase 1 delivery. Table C-6 tabulates the monitoring and
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control equipment available for 241-AZ tank farm in support of Phase 1 feed delivery.
Table C-7 summarizes the basis for adequacy of the existing equipment and any comments.

7.1.5.2 Description of Instrumentation

7.1.5.2.1 Mixer Pump Instrumentation. Each mixer pump is instrumented to
provide the following monitoring and control capability. In addition, each mixer pump will
have safety interlocks integrated in the controls to ensure tank integrity at all times.

Each Mixer pump will have following instrunentation:

a. Speed Control- Variable frequency drive to adjustvmixer pump speed from
58 percent to 100 percent of full speed.

b. Motor winding temperature - to indicate pump motor temperature.

[ Motor Bearing temperature- to indicate pump bearings temperature.

d. Motor Current: -to indicate pump current usage.

e: Nozzle Position Indication- To provide indication of mixer nozzle position
orientation.

7.1.5.2.2 Instrumentation Specific to the Tank.

aa. Tank Temperature - To monitor tank temperature at various levels and locations
to provide temperature gradient and differential temperature information.

ab. Tank Dome Pressure- to monitor tank pressure.

ac. Tank Content Consistency- To verify liquid and sludge in the tank has been
mixed uniformly over the length of the liquid level.

ad. Tank Level- to provide tank level indication.

ae. Radiation Monitoring- To monitor radiation level changes during mixer operation.

7.1.5.2.3 Diluent Systems Instrument Description. Diluent system - Provide diluent
in the tank for flushing or reducing the solid content of waste for transfer. The diluent system

is a major system and must meet the following meet the following requirements:

. Diluent liquid will have pH and conductivity controlled to meet specific
parameters which are to be determined.
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Diluent system will provide liquid at 5.8 kPa (70 psig) pressure at mixer pump
intake.

Diluent liquid will contain solids less than 30 wt%.

Diluent system will have the capacity to dilute the waste such that 2 minimum
velocity of 1.2 m/sec can be achieved.

Transfer system will be designed such that it will not exceed operating
pressures and maintain the minimum critical settling velocity of >1.2 m/sec
(4 ft/sec).

Diluent system monitoring and controls will use state of the art PC based system
for data transmission and trending .

The Diluent system will have the following instrumentation .

pH monitoring and/or Conductivity Monitoring - to ensure diluent liquid meets
corrosion specification.

Pressure Monitoring at tank inlet.
Flow Totalizer (Non Resettable).

Caustic temperature monitoring.

7.1.5.2.4 Description of Other Support Systems.

1.

Service Water System- To provide water for mechanical seals, initial column fill
prior 1o mixer pump operation, and for sparge ring operation.

Tank HVAC system- To maintain tank dome at negative pressure.

Tank Imaging System- To monitor internal tank operations or component
Integrity.

Air Lift Circulation System- To maintain sludge témperature below 110 °C
(230 °F) and waste temperature below 88 °C (190 °F).

7.1.5.3 Description of System Operation.

7.1.5.3.1 Mixer Pump Operation.
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Startup

Mixer pump(s) can be operated at any time provided sufficient net positive suction head
(NPSH) is available or per an approved operating procedure. If the transfer pump is
operating, mixer pump(s) speed may be automatically reduced.

Prior to startup of mixer pump, liquid will be measured by ENRAF™ instrument. To
protect the ENRAF™, the float will be retracted out of liquid and locked in safe position (below
High- Level alarm ).

On the initial startup of the mixer pump(s), or after any prolong ideal period when
intakes may be immersed in a layer of sludge, flush water or diluent will be added in the mixer
pump suction area to dislodge any sludge to avoid motor over current trip or locked rotor trip.
Service water may be added to the mechanical seals to ensure seal life and allow proper seal
operation and to the sparge rings to flush the nozzle

Mixer pumps will be started from the VFD control panel. The mixer pump speed

should be controlled by a programmable logic controller (PLC). During mixer pump
operation, the following parameters will be monitored at various locations.

AT VFD PANEL

. Motor Current and Voltage

. Motor Winding Temperature

. Motor Bearing Temperature

. Motor Speed

AT PLC and TMACS
. Liquid and Sludge Temperature from thermocouple tree (MIT)
. Tank Dome Pressure
. Tank Dome Radiation Level

. Liquid/Solids sludge level monitoring

. Motor current, winding temperature, motor bearing temperature, motor speed,
and motor/pump vibration

. System alarms monitoring.
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Normal Operation

Mixer pump speed will be controlled by a PLC. The PLC based control will have an
industrial PC with Pentium™ processor with visual monitoring and control capability. Visual
monitoring will be in the graphic format to assist an operator to get an information instantly by
depressing a function key. The graphic screen displays will be arranged as follows:

1. Overall system configuration showing mixer pump, nozzles, mixer pump status-
On/OFF, etc.
2. Mixer pump screen display will have:

Motor status -ON/OFF lights
AUTO/REMOTE/LOCAL switch

Motor current

Winding temperature

Bearing temperature

Vibration indication and alarm indication
Nozzle position indication

Service water pressure and flow.

Mixer pump speed will be increased in steps until the desired pump operating speed is
obtained. The MIT temperatures will be monitored for readings that indicate a 5.6 °C
(10 °F)/hr change or a maximum heat up rate limit of 11°C (20 °F)/day will be exceeded. In
addition temperature will be monitored to ensure that temperature gradient does not exceed
100°C/m (55°F/ft) within the solution or at the waste liquid/vapor interface. If any of these
limits are approached, mixer pump operation may be modified accordingly or other corrective
action may be taken, e.g., operation of air lift circulators. The ramp up rate and the
temperature monitoring frequencies need to be developed. '

Once temperatures are within allowable limits, speed will be increased and mixing will
continue until temperature readings on the MIT over the entire length show uniform
ternperature. The required tolerance on the temperature readings is to be determined. Mixer
pump operation may be stopped for tank level monitoring by the ENRAF™. In addition,
during mixer pump operation, the tank imaging system may be used as well as the ultrasonic
interface level analyzer (URSILLA). The tank imaging system may be required for various
purposes, e.g, visual observations of components, tank level changes, etc. The URSILLA wilt
be used to detect a liquid/solids interface for a determination of mixing effectiveness.

ff Normal

Mixer pump operation will automatically stop on the following events:

. Electrical power failure.
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. Loss of mechanical system integrity, e.g. pipe break, ALC failure, etc.
. Seismic Event.
. Emergency STOP (Manual operator action).

7.1.5.3.2 Diluent System Operation. The purpose of diluent addition is to dissolve
solids, provide flush water, prevent pump cavitation, and to maintain waste temperature within
allowable limits. Diluent will be added to the tank in the last two transfers to be made to the
privatization contractor.

Diluent will be added to the tank at a predetermined tank level which yet to be
determined within a tolerance which is also yet to be determined or where pump cavitation
begins . Prior to addition, diluent will be analyzed to verify that pH is at an appropriate level.
Diluent will then be added to the tank by opening/closing of appropriate valves. Flow totalizer
in diluent discharge line and tank level will be monitored. When flow totalizer indicates
379 m® (100,000 gal), diluent addition will cease. Concurrently the waste temperatures from
the MIT will be monitored. The mixer pump may be in operation during this process or may
not operate until the diluent addition is complete.

If diluent addition terminates due to manual operator action or equipment /component
failure, diluent flow totalizer will not be reset until it reads 379 m® (100,000 gal).

7.1.6 Process Step: Sample Waste

The waste contained within 241-AZ-101 and 241-AZ-102 needs to be characterized
before it is transferred to the privatization contractor. Characterization will be done by
analyzing samples of the waste for chemical constituents, pH, density, viscosity, and other
parameters in accordance with existing Data Quality Objectives (DQO). Representative
samples (200 grams of solids) will be provided to the privatization contractor at least 30 days
prior to the first transfer of the waste to the contractor’s feed tank. These samples will be used
to ensure compatibility between the sending and receiving tank inventories and to confirm that
waste composition is within contract specifications.

7.1.6.1 Description of Primary Equlpment The waste sampling system needs to have the
following capabilities:

a. Obtain grab samples from any level within the waste

b. Obtain multiple samples from the same location

. Be able to handle waste of varying specific gravities (1.0 to 1.5) and densities
d. Transfer samples to a shielded container for transport to an analysis facility
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e. Be easily and reliably decontaminated and cleaned so that multiple samples
remain truly representative of the in situ waste

_ In addition, the waste sample must be extracted through an existing riser keeping
radiation and contamination as low as reasonably achieveable (ALARA). Sample labeling must
be provided to satisfy chain of custody and traceability requirements.

7.1.6.2 Description of Instrumentation. No permanent instrumentation is required in
addition to that specified in 7.1.6.1. Radiation can be ascertained using portable equipment.
Analytical instrumentation will be provided by the laboratory doing the required analyses and
will be dependent on the characteristics of interest. Parameters which may considered include
density, viscosity, percent entrained solids, concentration of sodium, pH, etc.

7.1.6.3 Description of Other Support Systems. Potentially, support systems that could be
needed include dry air or nitrogen (see in-tank camera discussion in Section 7.1.5) and service
water for flushing or decontamination.

7.1.7 Transfer Liquid from Tank

Transfer of liquids from tanks ismot applicable to 241-AZ tanks.

7.1.8 Receive Liquid into Tank

;

Receipt of liquids into tanks is not applicable to 241-AZ tanks.

7.1.9 Transfer Solids Slurry from Tank

The purpose of the Solids Slurry Transfer system is to transfer the solids slurry to the
privatized vendor for processing. Solids slurry transfer system will be operated once the 241
AZ tank contents are properly mixed .

7.1.9.1 Description of Primary Equipment. Slurry transfer system consists of Slurry
transfer pump(s) and above ground (properly shielded) encased transfer line.

7.1.9.2 Description of Instrumentation. Slurry transfer line will be instrumented to provide
following monitoring and control utilizing state of the art PC based system. In addition, it will
have an automatic interlock from other dependent systems to ensure that transfer operation will
not jeopardize the equipment and personnel safety, as well as will not create an environmental

hazards.
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7.1.9.2.1 Transfer Line Instrumentation.

. Transfer line pump discharge pressure monitoring and Low and High pressure
alarms and trip.

. Flow monitoring and totalizer (Non Resettable automatically).

. Leak detection monitoring system at 305-m (1,000 ft) spacing, and at either end
of pipe, with automatic trip function.

. Transfer line pressure monitoring along the lengfh of pipe to monitor evidence
of Settling of solids (pipe plug).

7.1.9.2.2 Transfer Pump Instrumentation

. Speed Control-VFD to adjust pump speed from 58 percent to 100 percent of
speed.

. Motor winding temperature- to provide motor winding temperature information.

. Motor Bearing Temperature- to provide bearings temperature information.

. Motor Current and Voltage- to control pump speed.
) . Motor Vibration- to indicate occurrence of cavitation.

7.1.9.2.3 Other instrumentation required for slurry transfer ,

. Tank level monitoring-to indicate and provide trip function.
7.1.9.3 Description of System Operation. Solids slurry from tanks will be transferred to
privatization contractor by an encased above ground pipe. This pipe will have berm around it
to reduce radiation dose to the workers in the vicinity, and it$ size will be based upon the
velocity of transfer which will ensure that, once the transfer is initiated, it will not accumulate

solids on the pipe walls.

Sturry transfer will be done in 379 to 1140 m® (100,000 to 300,000 gal) batch and will
be terminated, in normal operation, when the tank level reaches mixer pump-inlet.

7.1.9.4 Other systems required to be operational during slurry transfer.

. Diluent/flush system - to-provide enough diluent volume to flush transfer lines
after transfer is completed or when the pump trips due to protective interlock
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actuation.

~7.1.9.5 Slurry Transfer System Description. Slurry Transfer System will have the
following operational modes.

7.1.9.5.1 Ready Mode. In this mode, all pump status, valve status, system
instrumentation- pressure, flow, leak detection, tank level, will be displayed. Automatic
system operation may be required. In addition, mixer pump and dilution system status will
also be displayed.

7.1.9.5.2 Dilution/Flush Mode. In this mode, dilution system will be checked for its
readiness to supply enough quantity of diluent/flush liquid at required discharge pressure and
volume.

7.1.9.5.3 In Tank Recirculation Mode. In this mode the transfer pump will be
started and the liquid will be recirculated back to the tank. During this operation pump
operation may be adjusted to optimizing waste transfer to the privatization contractor.

7.1.9.5.4 Transfer Mode. In this mode, the transfer will be initiated to the

privatization contractor. During this mode, transfer operation, transfer line, and tank level
parameters are monitored. When flow totalizer indicates total volume transferred is equal to a
set point, transfer to the privatized contractor will be stopped. At this point the transfer pump
discharge may be automatically recirculated for a period of time before a trip or stop action
occurs. When the transfer operation is stopped, flushing may be initiated to flush the transfer
line. In addition, transfer operations may be interrupted by a transfer line leak detection

. system trip, transfer pump motor trip, power loss, or other events. The flush of the transfer
system may also occur for these events. At the end of flush operation, flow totalizer reading
will be taken to correlate the volume transfer with privatized contractor tank volume data. |

7.1.10 Process Step: Receive Solids Slurry Into Tank

As a part of inter-tank waste transfers, 241-AZ-101 and 241-AZ-102 will receive waste
from other storage tanks for interim storage and treatment prior to transfer to the privatization
contractor. The major instrumentation need during the transfer itself is to ensure that the
receiver tank (241-AZ-101 or 241-AZ-102) is not overfilled. Other process steps apply to this
situation once the waste is received, specifically safe storage (7.1.1), add diluent to tank
(7.1.5), mix tank contents (7.1.5), and sample waste (7.1.6). This process step, receiving
solids shurry into tank, contains no additional monitoring and control equipment beyond that
described in the above sections.

7.1.10.1 Description of Primary Equipment. The primary equipment needed for this
process step are the tanks and connected piping, pits, diversion boxes, and a drop leg on the
fill line (or other method of discharging liquid below the tank waste surface) to minimize
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generation of aerosols.

7.1.10.2 Description of Instrumentation. The only instrumentation pertaining directly to
this process step is that necessary to monitor the level of waste in the tanks. This
instrumentation, described in detail in Section 7.1.1.2, should be a float attached to a sensing
system in a riser (ENRAF™ system). The level values need to be displayed, recorded, and
alarms set at 9.25 m (364 in) (hi), and 9.40 m (370 in) (hi-hi, safety limit). High alarm can be
used by the operator to terminate the waste transfer and to shut down any diluent addition.

7.2 SUMMARY OF PROCESS MONITORING AND CONTROL ISSUES

Issues specific to instrumentation, monitoring and control are summarized in Table 2-2.
These issues were developed only for existing equipment and planned equipment where project
scope is definite and definitive design is proceeding. Additional issues may arise as project
_designs mature.

75



HNF-2941
Revision 0

This page intentionally left blank.

76



HNF-2941
Revision 0

8.0 VENTILATION SYSTEM

8.1 PROCESS NEEDS

The quantitative process needs in Table 4-1 and the safety-related requirements in
Table 4-2 of this document which apply to the ventilation system are summarized in Appendix
D. The primary ventilation system must remove heat, air, evaporated water and evolved gases
from the primary tank. The annulus ventilation system must remove heat and moisture and
sweep the annular space to radiation detectors.

8.2 EXISTING AND PLANNED EQUIPMENT

The original AWF primary ventilation system was replaced by a new ventilation system
(241-AZ-702) provided by Project 702-AZ (W-030). The primary tank ventilation system
contains individual controlled air inlets and a common ventilation off-gas exhaust for the four
AY and AZ Tank Farm waste tanks (241-AY-101, 241-AY-102, 241-AZ-101, and 241-AZ-
102). The individual tank air inlet consists of a heater, pre-filter, HEPA filter, flow control
valve. A recirculation ventilation cooling system is provided for each waste tank to help
reduce emissions and remove heat generated in the tanks. The cooling equipment includes a
condenser, moisture separator and recirculation fan for each system. Heat is rejected the
recirculation condenser cooling system which consists of an evaporative fluid cooler, two
circulation pumps, an expansion tank, an air separator, and instruments for monitoring the
closed loop cooling system.. Each tank is manifolded into a common exhaust stream. The
combined exhaust stream from all four tanks flows through a condenser and then through a
high-efficiency mist eliminator (HEME) to eliminate any water droplet carry over into the
filter system. Upon exiting the HEME, the gas stream is heated by electric heaters to protect
the downstream HEPA and HEGA filter banks. Each bank consists of two HEPA filters and a
High-Efficiency Gas Absorber (HEGA). The ventilation gas stream, after passing through one
of the two filter banks, is exhausted by one of two exhaust fans up the exhaust stack to the
atmosphere. One fan is in standby while the operating fan maintains a vacuum on the four
storage tank vapor spaces.

The annulus system for the 241-AZ tanks is a combined system for both tanks. At this
time the annulus system is not operational and leak detection for the primary tank is provided
by conductivity probes in the tank annulus. Next year plant maintenance plans to restore the

- _system to operation under its original configuration (one for one replacement of failed

components). It is not known at this time if the Project W-151 mixer pump tests will require a
functional annulus exhaust system or if the system will be functional to support the testing.
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8.3 COMPARISON OF EXISTING AND PLANNED EQUIPMENT TO
PROCESS NEEDS

8.3.1 Primary Ventilation Exhaust Fan

Suspension of solids within the Aging Waste Facility tanks is provided by operation of
mixer pumps. The mixer pumps generate heat which in turn increases water and particulate
generation. The ventilation system must be adequately sized to accommodate the tank mixing
operations during Phase 1 privatization feed delivery by removing heat, particulate, and water
while maintaining vacuum within the tank headspace. Table D-1 identifies that the existing
primary ventilation exhaust fan is not adequate to provide the necessary level of vacuum and
too much air in leakage is occurring into the Aging Waste Facility tanks to allow control of the
ventilation flows through each tank.

8.3.2 Primary Ventilation System Filter Train

) During operation of the 241-AZ-702 (W-030 upgraded) system, there have been two
instances where the filter plenum housings have had moisture collection problems. When the
system initially started up the sealpot drain line tie in at 241-151-AX catch tank was blocked
and liquid flooded the sealpot and backed up into the filter plenum housings. The next time
moisture collected in the filter plenum housings the condenser and HEME in the 702-AZ
building were operated in a by-pass mode and after 4 days approximately 132 L (35 gal) had
accumulated in the housing. The operations engineers stated there was no time for planned
butages of the condenser and HEME because of the flooding problem and a redundant system
(condenser and HEME or just HEME) would be desired.

The primary ventilation system HEPA and HEGA filter plenums are not in compliance
with ANSI N509, Section 5.6.2. "The drain system shall be designed so that no unacceptable
backup of liquids into the housing will occur” and "Each housing compartment shall have floor
drains which meet all allowable air leakage criteria.” Both filter housings should have drain
capability added for all compartments.

8.3.3 Equipment Installation and Removal from Aging Waste Facility Tanks

Equipment (thermocouple tree, transfer pumps and mixing pumps) will require
installation or removal from the DST which will create openings in the DST dome to
atmosphere during this operation. To insure the containment of the DST vapors, a negative
pressure in the tark dome needs to be maintained. The largest riser in the DST dome is 1.07 m
(42 in.) in diameter which has an area of 0.89 nt (9.6 fi2) open to the atmosphere. The
existing ventilation system may not have enough capacity to insure that the tank dome can be
maintained at a negative pressure and perform all its other functions for the other three tanks in
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the system.

8.2_3.4 Slurry Distribution

An evaluation was performed (Kriskovich 1998 Draft) stating higher radiation in the re-
circulation module was occurring due to aerosol/moisture settling out in piping, ductwork and
equipment. The report concluded in order to reduce the radiation buildup in the re-circulation
modules a dropleg or some other method of transferring directly into the tank contents is
recommended over the current practice of using a slurry distributor.

8.3.5 Annulus Ventilation System

The annulus system for the 241-AZ tanks is a combined system for both tanks. At this
time the annulus system is not operational. It is not known at this time if the mixer pump
operation will require a functional annutus exhaust system or if the system will be functional to
support mixer pump operation.

8.3.6 Air In Leakage and Vacuum Control

The primary tank air inlet stations are not now in operation and are valved shut. The
inlet air is from air lift circulation (if operating) and outside air drawn into the tank through pit
cover blocks, risers or uncapped transfer lines that are open to other sources such as the
241-AX-152 diverter station. Air in leakage and vacuum level can not be well controlled

- under the existing configuration.

8.3.7 Thermal Analysis of Tank 241-AZ-101 Waste Removal

A preliminary thermal analysis (Appendix E-1) of tank temperature rise with mixer
pump operation in tank 241-AZ-101 predicts a temperature increase of 17°C (31°F) after 138
hours of operation associated with the first transfer of slurry to the private contractor. This
preliminary calculation does not account for temperature profiles within the non-convective
layer of solids at the bottom of the tank. Upon settling, this solids layer is expected to rise in
temperature above the bulk temperature of the solution (i.e., higher than the temperature
increase calculated in the preliminary calculations).
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9.0 SAMPLING SYSTEM

Waste sampling activities in the 241-AZ tank farm will be required prior to transfer to
the BNFL facility. The need for sampling before a waste transfer is required per the BNFL
Interface Control Document (ICD) (BNFL 1998). All tanks in the 241-AZ tank farm have
adequate numbers of free risers to allow sample taking. The ICD allows the use of grab
sampling or core sampling. As a precondition of sampling the mixer pumps are to be run to
. mobilize the tank waste.

The use of grab sampling and or core sampling will be established for each tank waste
based on the characteristics and capability of the sampling systems. Per the ICD:

“Immediately following the shutdown of the mixer pump, approximately equal volume
grab samples of waste material will be obtained from every two feet of waste height
from below a single riser for a grab sampling technique. (For a core sampling
technique a core the (sic) entire height of the tank waste will be obtained.) The total
sample volume, will meet the sample volume needs for: analysis of the tank waste to
support feed certification, a sample to BNFL, and archive sample material. The tank
waster sample provided to BNFL will contain at least 200 grams of solids. Tank waste
conditions such as temperature and tank volume will be identified at the time of
sampling. Tank sample material will be stored in archive until treatment service has
been completed and the IHLW waste products have been accepted by DOE.”

In addition there are several other additional requirements that must be satisfied including:
)

. Prepare a composite Tank Waste Sample.

. Analyze Sub-samples to verify Composition; at Jeast 3 sub samples of the
composite sample will be used for feed certification analysis.

. Certify Tank composition and inventory the feed by combining information on
the tank volume and tank waste composition.

- Volume to be measured by use of the ENRAF 854 ATG level detector

- Tank waste composition to be reported to an accuracy as stated in section
4.3.4 1 the ICD.

. Provide certification that tank waste meets the requirements of section 8 of the
ICD.
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It is noted here that the grab sampling and the core sampling systems and procedures
are well developed. However, it is not known at this time where the waste will be certified.
In addition the time requirement to have a sample certification complete, i.e., less than 30 days
is a major issue. :
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APPENDIX A

WASTE PREPARATION AND TRANSFER SYSTEMS PROCESS NEEDS AND
' ASSESSMENT

Table 4-1 contains quantitative process needs that must be met in order to enable the
Tank Waste Remediation System (TWRS) to adequately deliver appropriate waste feed during
Phase 1 privatization. A number of these quantitative process needs are specific to and rely on
specific performance of the waste preparation and transfer systems which must be present to
support feed delivery to the Phase 1 privatization contractor as well as ongoing TWRS
operations (e.g., single-shell tank [SST] waste retrieval) during the Phase 1 privatization time
frame. For the purposes of this evaluation-of 241-AZ tank farm, the waste preparation and
transfer systems have been categorized into three major subsystems: mixer pumps; transfer
pumps, piping and valving; chemical addition and flushing. The quantitative process needs
identified in Table 4-1 that apply to each of these subsystems is presented in the sections
below.

A.1 MIXER PUMPS

The alternative case in DeLozier (1998) identifies tanks 241-AZ-101 and 241-AZ-102
as being retrieved as high-level waste (HLW) feed. Additionally, these two tanks serve as
HLW feed staging tanks for additional HLW retrieved from other tanks. Although the
Management and Integration (M&I) contractor team no longer is responsible for establishing
sludge washing capability, the HLW feed must consist of relatively homogenous slurry
transferred in batches as often as once monthly. Mixer pumps must be installed in both tanks
which can homogeneously suspend the solids now present in the tanks as well as future HLW
transferred to these HLW feed staging tanks. :

A.1.1 PROCESS NEEDS

The quantitative process needs which apply to the waste preparation and transfer
system, including mixer pumps, are summarized as part of Table A-1 below. The mixer
pumps are required to suspend the solids in tanks 241-AZ-101 and 241-AZ-102.

A.1.2 EXISTING AND PLANNED MIXER PUMPS

Project W-151 has installed two 224-kW (300-hp) mixer pumps into 241-AZ-101.
These mixer pumps are scheduled to be tested during fiscal year 1999. Project W-211 is
scheduled to put two 224-kW (300-hp) mixer pumps into 241-AZ-102. Design of the system
to be installed into tank 241-AZ-102 is scheduled to begin in September of 1998 and
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construction is scheduled to be complete in September of 2002 (DeLozier 1998). It is
important to note that these dates are a departure from the current W-211 Project schedule.

A1.3 COMPARISON OF EXISTING AND PLANNED EQUIPMENT TO
EXPECTATIONS

Table A-1 lists process needs and compares those process needs to capabilities of
existing and planned equipment. Mixer pumps are not currently installed in tank 241-AZ-102
Project W-211 has planned to place two 224 kW (300 horse power) mixer pumps into
241-AZ-102 Based on sludge mobilization testing (Powell et al. 1995), the mixer pumps are
thought to be capable of mobilizing waste solids. It is important to note that a full scale test of
a two mixer pump systems ability to mobilize sludge has not yet been performed. There are
two mixer pumps located in Tank 241-AZ-101, and a full scale test using this system is
scheduled to occur in May or June 1999.

A potential issue with the current Project W-211 mixer pump design is that the intake
and outlet of the mixer pumps are located near the bottom of the pump. The sludge in at least
some of the tanks is extremely viscous, and will resist pumping. It is not clear from the
current design how the pumps are to be started. If a sufficient amount of water cannot be
added to the tank near the inlet of the mixer pumps, it will be very difficult or perhaps
impossible to start the pumps without causing cavitation and potential failure of the pumps. It
may be beneficial to redesign mixer pumps which will be added to tanks in the future such that
the intake is located in the supernate and the discharge at the bottom to allow the mixer pumps
to be started without cavitating.

H

A.2 TRANSFER PUMPS, PIPING, AND VALVE ROUTINGS

The RTP (Jordan and Boston 1998) identifies the projected transfers occurring in all
tank farms through October 2011. The projected transfers are no longer fully consistent with
the alternative case identified in DeLozier (1998). Both the previous set of transfers associated
with sludge washing and the new set of transfers associated with DeLozier 1998 are identified
in Table A-2. The set of transfers consistent with DeLozier 1998 will be examined as the set
of transfers supporting waste feed delivery and all other relevant tank farm operations specific
to 241-AZ.

A.2,1 PROCESS NEEDS

The quantitative process needs associated with transfer pumps and pipe routings are
identified in table A-1 below. The transfer pumps and piping systems design must satisfy the
process needs identified here. It is important to note that at the time of this writing, transfer

pump design for the 241-AZ Tank Farm is not complete. An alternatives generation and
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analysis process should be followed to select an optimum transfer pump design. Piping
systems are planned but not currently in place.

A:2.2 EXISTING AND PLANNED TRANSFER PUMPS AND PIPING AND VALVE
ROUTINGS

Table A-3 postulates a route for each transfer between tanks that is identified in table
A-2 consistent with DeLozier 1998. Table A-3 identifies whether all transfer equipment for
tank to tank transfers either exists or is planned based on best available drawings, project
documents, and other available information. Table A-3 is also used to compare the existing
and planned transfer route equipment to the process needs. This comparison is discussed
below.

A.2.3 COMPARISON OF EXISTING AND PLANNED EQUIPMENT TO PROCESS
NEEDS )

A.2.3.1 Comparison of Existing and Planned Piping and Valving Routings to Process
Needs

Table A-3 provides a transfer equipment availability matrix identifying whether
equipment is currently installed (and planned to remain installed rather than be removed as part
of an existing project) or whether the equipment is within the planned scope of a project.

A.2.3.2 Comparison of Existing and Planned Transfer Pumps to Process Needs

All planned transfers from 241-AZ tank farm are slurry transfers with up to 200 grams
solids per liter. Table A-4 provides a transfer pump matrix identifying whether a transfer
pump is currently installed (and planned to remain installed rather than be removed as part of
an existing project) or whether the necessary equipment is within the planned scope of a
project. The type of pump planned for each transfer is also identified as well as the equivalent
length of the transfer. The equivalent length of the transfer is used in determining the
adequacy of the particular pump in meeting the process needs. The equivalent length is
calculated by combining straight line length with length factors for various fittings and bends.
Equivalent length and overall changes in height (hydraulic head) for portions of the various
transfer routes is identified in Table A-5.

Figures A-1 through A-4 show operating curves for each of the routings for solutions
with a specific gravity of 1.41 and viscosities of 0.10, 0.15, 0.20, and 0.30 Passec (10, 15, 20
and 30 cP) plotted against the head curve provided by a pump design for Project W-211. For
the purpose of this document it is assumed that the transfer pumps selected for the 241-AZ
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tanks will have characteristics equivalent to those of the W-211 Project pump design for
241-AP-102 and 104. The flow rate for a transfer is estimated by the location where the
operating curve intersect the pump curve. A sample calculation which demonstrates how the
curves were developed is included in Appendix F. The planned pumps for the 241-AN tank
Farm are capable of delivering waste at 1.8 to 2.7 M/sec. for transfers from the 241-AZ tanks
provided the viscosity is maintained at 0.03 Passec (30 cP) or below.

A.2.4 TRANSFER LINE DRAINING FOLLOWING FLUSHING

Most of the transfer piping is sloped allowing waste and flush solutions to drain. Peaks
and valleys in transfer pipelines are unfavorable because these sections can cause holdup of
solids, eventually leading to line plugging. Peak or valley sections also lead to siphoning.
Abrupt changes in slope in transfer pipelines can also be areas which favor solids build up and
eventual line plugging. For 241-AZ-101 tank, the transfer line between 241-AZ-101 and the
new AZ Valve Pit is sloped toward AZ-101. The transfer line between 241-AZ-01A pump pit
and 241- AZ-02A pump pit slopes toward 241-AZ-02A pump pit. Table A-5 lists the
hydraulic change in each line. Table A-5 lists the beginning and ending points of each line for
convenience because solutions can flow in either directions in the lines. A positive hydraulic
change indicates a rise and a negative change indicates a drop. Figure A-5 graphically
portrays the hydraulic diagrams for transfers to and from 241-AZ tank farm.

Figure A-5 is a hydraulic diagram of the transfers originating or terminating in the
241-AZ Tank Farm. In some cases lines not involved in the transfer may need to be used to
route draining and/or flush solutions. As an example, transfers from 241-AY-101 or -102 will
most likely pass through the new AZ-Valve Pit. The new AZ-Valve Pit will be hydraulically
lower than either 241-AY-101 or 102 Pump Pits Tanks in 241-AP are hydraulically higher than
the new AZ Valve Pit, tanks in 241-AN and in 241-AZ are hydraulically lower than the new
AZ Valve Pit. Transfers from either 241-AY-101 or 102 to the AP Tank Farm or to the
Private Vendor will tend to drain to the new AZ Valve Pit.

A.3 CHEMICAL ADDITION AND FLUSHING SYSTEM

A.3.1 PROCESS NEEDS

The first need for water addition is during the retrieval of the final batches of waste
being transferred from either tank in 241-AZ to the private contractor. This water is added to
aid in suspension of solids during transfer of the last few batches of solids from the tanks.
Also, inhibited water is added to the transfer line upon completion of a transfer to remove
residual material from the line. The quantitative process needs associated with these water
additions is presented in Table A-1.
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A.3.2 EXISTING AND PLANNED CHEMICAL ADDITION AND FLUSHING SYSTEM

The current flush system is not capable of delivering dilution water or flush solution at
the required rate of 530 L/min, and the new chemical addition and flushing system design for
the 241-AN Tank Farm has not yet been completed. For the purpose of this document it is
assumed that the chemical addition and flushing system design will be functionally identical to
the chemical addition and flushing system design for the 241-AP Tank Farm. The chemical
addition and flushing system design for the 241-AP Tank Farm consists of a tank, heater(s),
chemical metering pumps, and piping systems to deliver the flush/diluent. The system is
designed to deliver up to 530 L/min of chemical adjusted (NaOH, NO,, etc.) water at a
temperature up to 66°C.

A.3.3 COMPARISON OF EXISTING AND PLANNED EQUIPMENT TO
EXPECTATIONS '

With the assumption that the 241-AN Tank Farm dilution system design will be
functionally identical to the 241-AP Tank Farm dilution system design, the system will be
capable of meeting the process needs identified in Table A-1. It is important to note, however,
that the most likely diluent and flush solution is water without any added caustic or other
chemicals.
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Table A-1. Comparison of Process Needs to Existing and Planned Equipment
for Waste Preparation and Transfer Systems in 241-AZ Tank Farm.

Quantitative tank-specific
process need

Existing or planned structure,
system, or component

Is existing or planned
equipment adequate

Basis for adequacy

Comments/issues

(Yes/No)
SA.P1.1.mobilize >90% | Existing mixer pumps in AZ- | TBD Although there are two 300 hp mixer | Although there are two 300 hp
of the solids initially in 101 and Project W-211 pumps currently installed in tank 241- [ mixer pumps currently installed
241-AZ-101, >60% of the {provided mixer pumps in AZ- AZ-101, these pumps have not yet in tank 241-AZ-101, these
solids initially in 241-AZ- [ 102 been tested. The test to verity the pumps have not yet been tested.
102, and >99% of the ability of the mixer pumps to The test to verity the ability of
solids transferred to these mobilize the waste solids is scheduled | the mixer pumps to mobilize the
tanks from 241-AY-102. to occur early summer of 1999. waste solids is scheduled to

oceur early summer of 1999,

SA.P3.1. Equipment used | Existing mixer pumps in AZ- | TBD The mixer pumps currently installed | The mixer pumps currently

to suspend or mobilize
waste shall be.able to
operate under both normal
startup and operation
conditions (Note: for the
currently installed system
/in AZ-101 and the
planned system for AZ-
102, prevent cavitation of
the mixer pump during
normal startup and
operation conditions).

101 and Project W-211
provided mixer pumps in AZ-
102

in AZ-101 have not been operated as
of the date of this writing. The mixer
pumps include the ability to add
diluent water near the pump intake
through a sparge ring. Drawing H-
14-102086 shows a typical mixer
pump design which includes a sparge
ring which will allow the addition of
water near the pump intake. It is not
known if this feature will be sufficient
to allow the mixer pumps to start and
prevent cavitation.

installed in AZ-101 include the
ability to add diluent water near
the pump intake. Drawing H-
14-102086 shows a typical mixer
pump design which includes a
sparge ring which will allow the
addition of water near the pump
intake. It is not known if this
feature will be sufficient to allow
the mixer pumps to start or
operate.
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Table A-1. Comparison of Process Needs to Existing and Planned Equipment

for Waste Preparation and Transfer Systems in 241-AZ Tank Farm.

Quantitative tank-specific
process need

Existing or planned structure,
system, or component

Is existing or planned
equipment adequate
(Yes/No)

Basis for adequacy

Comments/issues

5A.P3.3. Equipment used
to mobilize or suspend
waste shall not impart
excessive force to the tank
structure. (Note: for the
currently planned system -
Provide mixer pumps
which will not damage the
tank structure during
nomal and/or off-normal
operation.)

Existing mixer pumps in AZ-
101 and Project W-211
provided mixer pumps in AZ-
102

Yes

The loads of the mixer pump jets on
in-tank equipment were evaluated in
HNE-SD-W151-DA-008, Rev. 0
(Julyk 1997) indicates that for clean
components, only minor damage may
oceur to a radiation dry well and to
five air lift circulator thermowells.
The damage postulated does not fail
the equipment. In the case of
components with a sludge buildup, the
same components which were
damaged in the case of clean
equipment evaluated above, but the
postulated foces may cause failure of
those components.’

5A.P3.4. Provide a diluent
system and a water
addition line to allow
addition of up t© 379 m 3
(100,000 gal) of raw water
near the intake of each
mixer pump. The dilution
system should be capable
of providing the quantity at
a flow rate of TBD liters
per minute and a
temperature range of 20°C
to 50°C (+/- TBD °C).
No cooling capacity is
required.

Existing mixer pumps in AZ-
101 and Project W-211
provided mixer pumps in AZ-
102 which allow liquid to be
introduced into the pump
intake

Drawing H-14-102451 shows a 1%4
in. hose connection to a sparge ring
near the pump intake. This
configuration can be used to introduce
water near the mixer pump intake.
The total volume of water is not
limited by the diluent addition system
but it is limited by the allowable
volume in the tank.

0 UOISIADY
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Table A-1. Comparison of Process Needs to Existing and Planned Equipment
for Waste Preparation and Transfer Systems in 241-AZ Tank Farm.

Quantitative tank-specific
process need

Existing or planned structure,
system, or component

Is existing or planned
equipment adequate
(Yes/No)

Bastis for adequacy

Comments/issues

SA.P3.5. Control the rate
of operation of equipment
used to mobilize and
suspend solids. (Note: for
the currently planned
system - Provide mixer
pumps with a variable
frequency drive (VFD)
capable of operating the
pump from a minimum
speed of approximately
58% speed to full speed
operation.)

W-151 for AZ-10t

W-211 will provide mixer
pumps and Variable
Frequency Drive unit for AZ-
102 :

Yes for 101-AZ

Yes for 102-AZ

VID for AZ-101 mixer pump
installed under W-151.

HNF-1507 (Rieck 1998) page 85 and
14 indicates that a mixer pump with a
VFD is to be installed into 102-AZ,
the lower limits in the range of the
VED are not listed.

Project documentation needs to
identify the range of operation of
planned equipment.

5A.P3.6. Provide in-tank
components which can
withstand forces imparted
by solids mobilization and
suspension equipment and
remain operable and
retrievable from the DST.
(Note for the currently
planned system - Provide
{or replace) in-tank
components which can

withstand forces imparted

by full speed mixer pump
operation and remain
operable and retrievable
from the DST.)

All existing and future in tank
equipment

TBD

HNF-SD-W151-DA-008 is an
evaluation of the effect of the mixer
pump outflow on tank and tank
internals. LANL document LA-UR-
92-3196 (LANL 1995) for SY-101 is
an evaluation of the effects of mixer

| pump generated missles on the tank

and tank internals. This report needs
to be repeated using two 224 kW (300
hp) mixer pumps versus the one 112
kW (150 hp) pump as in the SY-101
report.

HNF-SD-W151-DA-008 is an
evaluation of the effect of the
mixer pump outflow on tank and
tank internals. LANL document
LA-UR-92-3196 (LANL 1995)
for SY-101 was an evaluation of
the effects of mixer pump
generated missles on the tank
and tank internals. This report
needs to be repeated using two
224 kKW (300 hp) mixer pumps
versus the one 112 kW (150 hp)
pump as in the SY-101 report.
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Table A-1. Comparisoit of Process Needs to Existing and Planned Equipment
for Waste Preparation and Transfer Systems in 241-AZ Tank Farm.

Quantitative tank-specitic
process need

Existing or planned structure,
system, or component

Is existing or planned
equipment adequate
(Yes/No)

Basis for adequacy

Comments/issues

9.P1.1. Provide transfer
system capable of
achieving a waste transfer
velocity of 1.8-2.7 m/sec
(6-9 f/sec)

AZ-101 - Project W-521

AZ-102 Project W-211
provided transfer Pump and
existing and project provided
piping system.

Yes (See caveat in
Comments/Issues)

Yes (See caveat in
Comments/Issues)

Project W-521 is planning to install a
transfer pump into Tank AZ-101

Project W-211 is scheduled to install a
transfer pump into Tank AZ-102.
Appendix A develops the adequacy of
the transfer system to transfer waste at
1.8 10 2.7 m/sec (6 to 9 ft/sec) with
the assumption that the transfer pumps
in AZ will have a pump curve
equivalent to the Sulzer Pump curve
used in the evaluation. See figures
A.1- A.4 and Section F.2.1 in
Appendix F.

It is important to note that
although the flex hose will likely
not be used in AZ-101 or 102,
the pump curve for the Sulzer -
Bingham Pump was used to
estimate flow performance.

9.P1.2. Provide transfer
pumps with a water
addition feature that will
provide slurry dilution
capability at the pump
suction. The needed
dilution water flow rate is
530 L/min (140 gal/min).

AZ-101 W-521 project
provided transfer pump

AZ-102 W-211 project
provided transfer pump with
provision for in-line dilution
at transfer pump suction , and
flush/diluent piping

AZ-101 - TBD

AZ-102 - Yes

Design for a transfer pump for AZ-
101 has not been initiated.

HNF-1507 (Rieck 1998) Pages 85 &
14. The diluent/flush system for 241-
AN, AY and AZ is not currently
designed. The flush dilution system
for 241-AP has been designed and is
designed to be capable of delivering
the required flow rate of diluent to
the transfer pump intake. Assuming
the design for 241-AZ will be
functionally identical to the 241-AP
design, the.system will be adequate.
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Table A-1. Comparison of Process Needs to Existing and Planned Equipment
for Waste Preparation and Transfer Systems in 241-AZ Tank Farm.

Quantitative tank-specific
process need

Existing or planned structure,
system, or component

Is existing or planned
equipment adequate
(Yes/No)

Basis for zidequacy

Comments/issues

9.P3.1. In normal AZ-101: Project W-521 Yes The largest operating pressure in the | The maximum allowable
operation, maintain thé piping system under normal operating pressure of the piping
transfer system pressure AZ-102: Project W-211 conditions is in the transfers from system is 27.6 kPa (400 psi),
drop below the transfer provided transfer pump and AZ-102 to the private vendor where this pressure must not be

line operating pressure. existing and project provided the pressure is 130 m (425 ft) of head | exceeded in normal operation
The maximum line piping system. which for a 1.41 specific gravity

operating pressure can vary solution is approximately 17.9 kPa

between 15.8 kPa to 27.6 (260 psi). See figures A.1 through

kPa (230 to 400 psi) A.4 and the calculation in Section

depending on the transfer F.2.1.

line.

9.P3.2. Provide transfer AZ-101 - Project W-521 to Yes The largest operating pressure in the

pumps with a maximum provide transfer pump piping system under normal

design head of 137 m conditions is in the transfers from

(450 ft) (TBR) total AZ-102 - Project W- 211 AZ-102 to the private vendor where

dynamic head at the target | provided transfer pump and the head is 130 m (425 fr). See

flow rate of 0.73 ML/day | existing and W-314 Project figures A.1 through A.4 and the

(140 gal/min). provided Piping System calculation in Section F.2.1.

9.P3.3. Prevent cavitation | AZ-101 - Project W-521 TBD The net positive suction head Although the net positive suction

of the transfer pump
during normal startup and
operation conditions. Net
positive suction head
required should not exceed
Net Positive Suction Head
Available at highest
reasonable operating
temperatures.

provided transfer pump

AZ-102 - Project W-211
provided transfer pump

requirements are calculated in HNF-
2238, Appendix E (Willis et al. 1998)
and are met by the system.

head requirements are met by
the system, it is not known
wether the system will be
capable of preventing the
transfer pump intake from being
buried in a sludge layer which
may induce cavitation and lead
to damage to or failure of the
transfer pump.
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Table A-1. Comparisor of Process Needs to Existing and Planned Equipment
for Waste Preparation and Transfer Systems in 241-AZ Tank Farm.

Quantitative tank-specific
process need

Existing or planned structure,
system, or component

Is existing or planned
equipment adequate
(Yes/No)

Basis for adequacy

Comments/issues

9.P3.4. Provide transfer
pumps with a VFD capable
of operating the pump
from a minimum speed of
approximately 25% speed
to full speed operation
(WHC-SD-WM-DGS-006,
Rev. 0).

AZ-101 - Project W-521
provided transfer pump

W-211 provided transfer
pump and Yariable Frequency
Drive unit for AZ-102

TBD for 101-AZ

TBD for 102-AZ

Transfer pump for AZ-101 has not
yet been designed.

HNF-1507 (Rieck 1998) page 85 and
14 indicates that a transfer pump with
a VED is to be installed into 102-AZ,
the fower limits in the range of the
VEFD are not listed.

Project documentation needs to
identify the range of operation of
planned equipment.

9.P3.5. Provide reverse
rotation and back flow
protection for transfer
pumps (WHC-SD-WM-
DGS-006, Rev. 0).

AZ-101 - none

AZ-102 - Project W-211
provided transfer pump

TBD

Transfer pumps for AZ-101 and 102
have not yet been selected. HNF-
1507 does not indicate back flow
prevention for the transfer pumps.

Transfer pumps for AZ-101 and
102 have not yet been selected.
HNF-1507 does not indicate
back flow prevention for the
transfer pumps.

9.P3.6. Provide slurry
transfer pumps which can
be operated during mixer
pump operation and
withstand forces imparted
by full speed mixer pump
operation and remain
operable and retrievable
from the DST

AZ-101 - none*

AZ-102 Project W-211
provided mixer and
compatible transfer Punips

TBD

Although both mixer pumps and
transfer pumps are included in the W-
211 design documentation no
evaluation of the compatibility of the
two were found.

* Any transfer pump to be
installed into AZ-101 will need
to be shown to be compatible
with the existing mixer pumps in
that tank.

Although both mixer pumps and
transfer pumps are included in
the W-211 design documentation
no evaluation of the
compatibility of the two were
found.
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Table A-1. Comparisofi of Process Needs to Existing and Planned Equipment
for Waste Preparation and Transfer Systems in 241-AZ Tank Farm.

Quantitative tank-specific
process need

Existing or planned structure,
system, or component

Is existing or planned
equipment adequate

Basis for adequacy

Comments/issues

(Yes/No)
9.P3.8. Provide transfer AZ-101- none AZ-101 - No No project currently has scope to It is important to note that
system components capable install a transfer pump into 101-AZ although the flex hose will likely
of transferring waste with a not be used in AZ-101 or 102,
density as high as 1.4 AZ-102 Project W-211 AZ-102 - Yes Sulzer-Bingham Pump curve included | the pump curve for the Sulzer -
g/ml. provided transfer Pump in HNF-2238 page D-16 (same pump | Bingham Pump was used to
assumed here) shows a horse power estimate flow performance.
required curve for a Specific gravity
of 1.5.
9.P3.9. Provide transfer AZ-101 - none AZ-101 - No to be developed to be developed
system components capable
of handling wastes with a | Transfer Pump Design AZ-102 - TBD

pH of 7 or greater.

9.P3.10 Provide a transfer | Existing and Projects W-314 | TBD An evaluation of the system will need

system which prevents the | and W-211 provided transfer to be performed which will

occurrence of water piping and jumper systems demonstrate adequacy.

hammer resulting from

reconfiguration of the

system during the transfer.

9.P4.1. Provide a diluent Project W-211 provided Yes HNF-1507 pages 65-66 and 36-38. *t is important to note that

system to flush the transfer
lines with raw or inhibited
water at 530 L/min

(140 gal/min) (TBR).

dilution/flush system

The diluent/flush system for 241-AN,
AY and AZ is not currently designed.
The flush dilution system for 241-AP
has been designed and is designed to
be capable of delivering the required
volume of difuent required.
Assuming the design for 241-AN will
be functionally identical to the 241-
AP design, the system will be
adequate.

while AZ-102 is included within
the scope of Project W-211, AZ-
101 is not it has been assumed
here that AZ-101 would have
flush and diluent provided by the
same system as AZ-102.

() UOISIASY
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Table A-1. Comparison of Process Needs to Existing and Planned Equipment
for Waste Preparation and Transfer Systems in 241-AZ Tank Farm.

Quantitative tank-specific
process need

Existing or planned structure,
system, or component

Is existing or planned
equipment adequate
(Yes/No)

Basis for adequacy

Comments/issues

9.P4.2. The tlush direction | Project W-211 provided "Yes H-14-102086 shows typical design for | It is important to note that while
should be from the dilution/flush System and diluent/flush delivery in 241-AP. the flush solution is introduced
applicable 241-AZ pump existing and project provided Assuming that the design for 241-AZ | at 241-AZ, and the overall slope
pit to the Privatization Transfer Piping System will be functionally identical to the of the transfer lines is toward the
Contractor facility (TBR). 241-AP design, the flush delivery will | private vendor, a high spot
be from 241-AZ to the private exists in the transfer route at the
contractor facility private vendor interface point.
Siphoning will need to be
evaluated as the design of the
private facility matures.
9.P4.3. Flush transfer lines | Project W-211 provided Yes HNF-1507 (Rieck 1998) Pages 36-38
with water volumes dilution/Flush system & 65-66. The diluent/flush system
equivalent to 1.5 times the for 241-AN, AY and AZ is not
transfer line internal currently designed. The flush dilution
volume. system for 241-AP has been designed
and is designed to be capable of
delivering the required volume of
diluent. Assuming the design for
241-AN will be functionally identical
to the 241-AP design, the system will
be adequate. The total amount of
diluent which can be added to a tank
is not limited by the dilution/flush
system but by the volume of the waste
tank.
9.P4.4. Flush water inlet Project W-211 provided Yes H-14-102086 shows a typical layout

can be at the transfer pump
inlet or in the pump
discharge line.

dilution/flush System and
existing and project provided
Piping System

for the dilution/flush delivery at the
pump intake. The specific design for
241-A7Z has not been started.
Assuming that earlier designs are
typical the design will be adequate.
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Table A-1. Comparison of Process Needs to Existing and Planned Equipment
for Waste Preparation and Transfer Systems in 241-AZ Tank Farm.

Quantitative tank-specific
process need

Existing or planned structure,
system, or component

Is existing or planned

equipment adequate
(Yes/No)

Basis for adequacy

Comments/issues

10.P2.1. In 241-AZ and
241-AY tanks, provide a
drop leg or other method
of discharging liquid

beneath tank waste surface.

None

no

No project currently has this work

within its identified scope.

0 UOISIASY
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Table A-2. Summary of Tank Transfers to and from 241-AZ Tank Farm.
Transfer path . | Transfer period
From | To ‘ Start date End date
Transfers Under Baseline (Umek 1998)
AZ-101 AN-105 11/21/03 3/7/04
AZ-101 AW-105 10/9/00 1/22/01
AZ-101 AY-101 8/17/00 8/20/00
AZ-101 PIHLW FEED TANK 5/17/02 - 10/27/07
AZ-102 AN-105 1/5/02 2126/07
AZ-102 AP-107 11/15/01 11/16/01
AZ-102 AY-101 ) 11/14/01 11/15/01
AZ-102 PIHLW_FEED TANK 11/14/03 11/12/09
AP-107 AZ-101 6/11/09 - 6/13/09
AY-102 " |AZ-101 11/16/03 11/21/03
WASH-WATER|AZ-101 ‘ 8/20/00 3/11/04
JAY-102 - AZ-102 8/1/05 8/3/05
WASH-WATERIAZ-102 . 11/16/01 2/28/07
Transfers Under Alternative Case (DeLozier 1998)

AZ-101 PIHLW FEED TANK 6/2004 3/2005
AZ-102 PIHLW FEED TANK 4/2005 2/2006
AY-102 (with C-AZ-101 5/2006 8/2007 .
106)
AY-102 (from C{AZ-102 8/2007 6/2009
104)
WATER AZ-101 6/2004 8/2007
WATER AZ-102 4/2005 - 6/2009

A-19
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Table A-3. 241-AZ Transfer System Equipment Availability Matrix.

Equipment installed

Equipment planned

4] TOTSTASY
I1¥67-dNH

Transfer Transfer ronte Equipment needs References
Yes (ID or label) No Yes (Project #) No
241-AY-102 |241-AY-102 Slurry Transfer  |Slurry Transfér Pump No Yes (W-211) FINF-1507, Rev. 0,
to Pump in AY-02A Pump Pit Section J.2.3
241-AZ-101  {Riser 6A
(post 1999)
Pump Pit 02A discharge nozzle Jumper or manifold between No Yes (W-211) ES-314E-M40, Rev.
to Nozzle US in AY-02A Pump |Pump and Nozzle US 10, 9/98; HINF-
Pit 1507, Rev. 0,
Section J.2.7
Pump Pit AY-02A Nozzle U5 {7.6 cm (3 in.) transfer line No Yes (W-314) ES-314E-M40, Rev.
to 3 in. line SN-633 to Nozzle . 10, 9/98
G in New AZ Valve Pit
New AZ Vaive Pit Nozzle G to |Jumper or manifold between No Yes (W-314) ES-314E-M40, Rev.
Nozzie H Nozzle G and Nozzle H 10, 9/98
Nozzle H 1o 3 in. line SN-632 7.6 cm (3 in.) transfer line No Yes (W-314) ES-314E-M40, Rev.
to Nozzle U12 in AZ-101 10, 9/98
Pump Pit AZ-01A
Nozzle U12 in AZ-101 Pump  {Jumper or manifold between No Yes (W-521) ES-314E-M40, Rev.
Pit AZ-01A to tank return Nozzle U12 and tank return 10, 9/98
nozzle 3 nozzle 3 (Riser 6A)
Tank Return Nozzle 3 in Riser [Discharge nozzle in tank No Yes (W-521) ES-314E-M40, Rev
6A 241-AZ-101 10, 9/98
241-AY-102 |241-AY-102 Slurry Transter  [Slurry Transfer Pump No Yes (W-211) HNF-1507, Rev. 0,
10 241-AZ-  {Pump in AY-02A Pump Pit Section J.2.3
102 (post Riser 6A
1999)

A-20
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Table A-3. 241-AZ Transfer System Equipment Availability Matrix. -

Equipment installed

Equipment planned

Transfer Transfer route Equipment needs References
Yes (ID or iabel) No Yes (Project #) No
241-AY-102  |Shurry Transfer Pump Jumper or manifold between No Yes (W-211) ES-314E-M40, Rev.
to discharge nozzle to Nozzle U5 [Pump and Nozzle US 10, 9/98; HNF-
241-AZ-102  {in AY-02A Pump Pit . 1507, Rev. 0,
(post 1999} Section J.2.7
(Continued)
Pump Pit AY-02A Nozzle US (7.6 cm (3 in.) transfer line No Yes (W-314) ES-314E-M40, Rev.
to 3 in. line SN-633 to Nozzle 10, 9/98
G in New AZ Valve Pit
New AZ Valve Pit Nozzle G to {Jumper or manifold between No Yes (W-314) ES-314E-M40, Rev.
Nozzle H Nozzle G and Nozzle H 10, 9/98
Nozzle H to 3 in. line SN-632 (7.6 cm (3 in;) transfer line No Yes (W-314) ES-314E-M40, Rev. 0
to Nozzle U12 in AZ-101 10, 9/98 <
Pump Pit AZ-OIA 2.
=
Nozzle U12 in AZ-101 Pump  {Jumper or manifold between No Yes (W-521) ES-314E-M40, Rev. ©
Pit AZ-01A to Nozzle U1l Nozzle U12 and Nozzle 10, 9/98
Ul
Nozzle Ul1 to 3 in. line SN-  |7.6 ¢m (3 in.) transfer line No Yes (W-314) ES-314E-M40, Rev.
631 to Nozzle UI3 in AZ-102 ’ 10, 9/98
Pump Pit AZ-02A
Nozzle U13 in AZ-102 Pump  {Jumper or manifold between No Yes (W-211) ES-314E-M40, Rev.
Pit AZ-02A to tank return Nozzle U13 and tank return 10, 9/98; HNE-
nozzle nozzle (Riser 6A) 1507, Rev. 0,
Section J.2.7
Tank Return Nozzle in Riser  |Discharge nozzle in tank No Yes (W-211) ES-314E-M40, Rev.
6A 241-AZ-102 : 10, 9/98; HNF-
1507, Rev. 0,
Section J.2.7
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Table A-3. 241-AZ Transfer System Equipment Availability Matrix.

Equipment installed

Equipment planned

Transfer Transfer route Equipment needs References
Yes (ID or label) No Yes (Project #) No
241-AZ-101  |241-AZ-101 Slurry Transfer  |Slurry Transfer Pump No Yes (W-521) ES-314E-M40, Rev
to Phase 1 Pump in AZ-01A Pump Pit 10, 9/98
HLW Riser 6A
Interface
(post 1999)
Slurry Transfer Pump Jumper or manifold between No Yes (W-521) ES-314-M40, Rev
discharge nozzle to Nozzle Pump and Nozzle U12 10, 9/98
ul2
Nozzle UI2 to 7.6-cm (3-in.)  {7.6-cm (3-in.) transfer line No Yes (W-314) ES-314E-M40, Rev.
line SN-632 1o Nozzle H in 10, 9/98
New AZ Valve Pit %
<
New AZ Valve Pit Nozzle H to |Jumper or manifold from No Yes (W-314) ES-314E-M40, Rev. g.
Nozzle B Nozzle H to Nozzle B 10, 6/98 =]
Nozzle B to 7.6-cm (3-in.) line |7.6-cm (3-in.) transfer line No Yes (W-314) ES-3>I4E-M40,
SN-637 to HLW Privatization Rev. 10, 9/98
Contractor Interface
241-AZ-102  1241-AZ-102 Slurry Transfer Slurry Transfer Pump No Yes (W-211) HNF-1507, Rev. 0,
to Phase 1 Pump in AZ-02A Pump Pit Section F.2.3
HLW Riser 6A
Interface
(post 1999)  [Slurry Transfer Pump Jumper or manifold between No Yes (W-211) ES-314E-M40, Rev.
discharge nozzle to Nozzle transfer pump and Nozzle : 10, 9/98; HNF-
u13 U13 1507, Rev. 0,
Section .2.3
Nozzle U13 to 3 in. line SN-  |7.6 cm (3-in.) transfer line No Yes (W-314) ES-314E-M40,
631 10 Nozzle Ul1 in Pump Pit Rev. 10, 9/98
AZ-QIA -
Nozzic UlT to Nozzle Ul2 in  |Jumper or mianifold from No Yes (W-521) ES-314E-M40,

AZ-01A Pump Pit

Nozzle U1l to Nozzle U12

Rev. 10, 9/98

I¥6T-dANH



eV

Table A-3. 241-AZ Transfer System Equipment Availability Matrix.

Equipment installed

Equipment planned

Transfer Transfer route Equipment needs References
Yes (ID or label) No Yes (Project #) No

Nozzle U12 10 7.6-em(3-in.) 7.6 cm (3-in.) transfer line No Yes (W-314) ES-314E-M40, Rev.
line SN-632 to Nozzle H in 10, 9/98

New AZ VALVE Pit

Nozzle H 1o Nozzle B in New  {Jumper or manifold from No Yes (W-314) ES-314E-M40, Rev.
AZ Valve Pit Nozzle H to Nozzle B 10, 9/98

Nozzle B to 7.6-cm (3 in.) line |7.6 cm (3-in.) transfer line No Yes (W-314) ES-314E-M40, Rev.

SN-637 to HLW Privatization
Contractor Interface

10, 9/98

d UOISIARY
IP67T-ANH



YTV

Table A-4. ~Transfer Pump Availability Matrix.

Equipment installed

Equipment planned

Transfer Transfer pump type needed | Equivalent length of transfer References
Yes (ID or label)/No Yes (Project #)/No
AZ-101 to HLW Shurry Transfer Pump/
Interface Flexible Receiver Pump 1459 m (4788 ft) No
(post 1999) (Sulzer Pump)
AZ-102 to HLW Sturry Transfer Pump/ HNF-1507, Rev. 0,
Interface (post Flexible Receiver Pump 1715 m (5627 ft) No Yes (W-211) Interface Document,
1999) (Sulzer Pump) Project W-211, Initial
Tank Retrieval Systems

AY-102 to AZ-101 Sturry Transfer Pump/ HNF-1507, Rev. 0
(post 1999) Flexible Receiver Pump 329 m (1081 f) No Yes (W-211)

(Sulzer Pump)
AY-102 10 AZ-102 | Slurry Transfer Pump/ HNF-1507, Rev. 0
(post 1999) Flexible Receiver Pump 561 m (1841 ft) No Yes (W-211)

(Sulzer Pump)

0 UOISIASY
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Table A-5. Equivalent Line Length and Hydraulic Rise Values for Lines Involved in Waste Transfers.

_Line number o Line length Fittings/bends Equivalent length Hydraulic rise/fall
WT-SNL-3150 X-Site to AN- 422 M 16 90° Ells 448 m (1470 fr) -4.69 m (15 ft-4 ¥ in.)
101 2 45° Ells
WT-SLL-3160 X-Site to AN- 4104 M 19 90° Ells 442 m (1450 fry -5.11 m (16 1t-9 in.)
104 2 45° Ells o
37n.SN-636 AN-104 to AP- 480.4 M 24 90° Lills 521 m (1710 1 +2.73 m @ =11 ain)
104 2 45° Ells
3 in.SN-630 AN-101 to New 102.8M 9 90° Ells 117 m (383 f1) +1.41 m (4 fi-7 % in.)
AZ Valve Pit )
3 in.SN-632 AZ-101 to New 36.8 M 4 90° Elis 43.0 m (141 f©) +0.15 m (6 in.)
AZ Valve Pit
3 in.SN-633 AY-102 to New 1432 M 8 90° Ells 158 m (519 ft) -1.83 m (6 ft-1/8 in.)
AZ Valve Pit 2 45° Ells
3 in.SN-634 New AZ Valve 443.8 M 18 90° Elis 475 m (1560 fr) +2.29 m (7 f1-6 in.)
Pit to AP-Valve Pit ’ 4 45° Ells
3 in.SN-637 New AZ Valve 362.6 M 15 90° Ells 387 m (1270 ft) +1.32 m (4 f-4 in.)
Pit to HLW interface 2 45° Ells
3 in. SN-261-M25 AN-101 to 69.7M 7 90° Ells 80.5 m (264.2 fr) +0.305 m (I f1)
AN-B ) .
3 in.SN-262-M25 AN-102 to 353 M 5 90° Ells 43.1m(141.4 fr) +0.305 m (1 ft)
AN-B
3 in.SN-263-M25 AN-103 to 26.3 M 5 90° Ells 34.1m(111.9 ft) +0.305 m (1 tt)
AN-B .
3 in.SN-264-M25 AN-104 to 674 M S 90° Ells 75.1 m (246.5 ft) +0.305 m (1 ft)
AN-A
3 in.SN-265-M25 AN-105 to 33.8M 5 90° Ells 41.6 m (136.5 f1) +0.305 m (I ft)
AN-A
3 in,.SN-266-M25 AN-106 to 30.8 M 5 90° Ells 38.6 m (126.5 f1) +0.305 m (1 ft)
AN-A
3 in.SN-267-M25 AN-107 to 64.4 M 6 90° Eils 73.7m (241.9 1) +0.305 m (1 f1)
AN-A
3 In.SN-268-M25 AN-A 0 92 M 6 90° Ells 15.5 m (50.7 fr) 0
AN-B i
3in.SN-611-M25 AP Valve Pit 1152 M 8 90° Ells 128 m (418.9 fi) 0203m @O f-§in)
to AP-101
3 in.SN-612-M25 AP Valve Pit 119.1 M 8 90° Ells 128 m (431.4 ft) -0.203 m (0 ft-8 in.)
o Ap-loz [ . . . . e e e o e e e e e e - -
3in.SN-613-M25 AP Valve Pit 83.8M 6 90° Elis 93.1m (305.6 11) -0.203 m (0 fi-8 in.)
to AP-103 .
3 in.SN-614-M25 AP Valve Pit 86.4 M 6 90° Ells 95.7 m (314.1 f) <0.203 m (O ft-8 in.)

__oAPIO4
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Table A-5. Equivalent Line Length and Hydraulic Rise Values for Lines Involved in Waste Transfers.

to the Private Contractor
Facility

-5.44 m (17 1-10 in.)

Line number Line length Fittings/bends Equivalent length Hydraulic sise/fall
3in.SN-G15-M25 AP Valve Pit | 827 M 6 90° Ells 92.0 m (301.9 ft) 0203 m (0 f-8in) |
to AP-105 )
3 in.SN-616-M25 AP Valve Pit 94.3 M 6 90° Ells 104 m (340 ft) 20,203 m (0 1-8 in.)
o AP-106 '
3 in.SN-617-M25 AP Valve Pit 116.6 M 8 90° Ells 129 m (423.3 f1) -0.203 m (O f1-8 in.)
to AP-107
3 in.SN-618-M25 AP Valve Pit 122.5M 8 90° Ells 135 m (442.7 ft) -0.203 m (0 ft-8 in.)
to AP-108
3 in.SN-622-M9 Pump Pit 11.8M 3 90° Ells 16.5 m (54 1) +0.152 m (0 ft-6 in.)
241-AP-02D to 241-AP-02A
I3 n.SN-623-M9 Pump Pit 11.8M 3 90° Ells 16.5 m (54 ft) +0.152 m (0 ft-6 in.)
241-AP-04D to 241-AP-04A
3 in.SN-624-M9 Pump Pit 43 M 4 90° Ells 45.7 m (150 ft} -0.102 m (0 {t-4 in.)
241-AP-04D to 241-AP-02D
3 in.SN-631-M25 AZ-102 to 50 M 3 90° Ells 54.9 m (180 ft} o6I00mey T
AZ-101
3 in.SN-635-M25 AY-101 to 46.9 M 4 90° Ells 51.8 m (170 ft) 0
AY-102
Generic Valve Pit 3.05M 2 T-Port Valves (run) 62.5 m (205 ft} 4]
1 T-Port Valve (branch)
3 PUREX Connectors
S long radius 90° Elbow
Generic Pump Pit 3.66 M 2 PUREX Connectors 32.9 m (108 ft) 0
1 T-Port Valve (run)
2 long radius 90° Elbow
Line from the HLW interface 1035 M 24 90° Ells 1072 m (3518 {1}

0 UOISIASY
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Figure A-2. Operating Curve Tank 241-AY-102 t0 241-AZ-101.

Operating Curve 102-AY to 101-AZ

Equivalent Length = 1081 ft

Hydrautic Change

6.5 ft drop
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APPENDIX B

UTILITY DISTRIBUTION SYSTEM PROCESS NEEDS AND ASSESSMENT

Table 4-1 contains quantitative process needs that must be met in order to enable Tank
Waste Remediation System (TWRS) to adequately deliver appropriate waste feed during
Phase 1 privatization. A nuinber of these quantitative process needs are specific to and rely on
specific performance of the utility distribution systems which must be present to support feed
delivery to the Phase 1 privatization contractor as well as ongoing TWRS operations (e.g.,
single-shell tank (SST) waste retrieval) during the Phase 1 privatization time frame. For the
purposes of this evaluation of 241-AZ tank farm, the utility distribution systems have been
categorized into four major subsystems: compressed and instrument air; raw water; electrical
power and steam. The quantitative process needs identified in Table 4-1 that apply to each of
these subsystems is discussed in the sections below. Table B-1 identifies whether existing or
planned utility distribution systems are adequate to meet the process needs associated with
Phase 1 privatization feed delivery.

B.1 COMPRESSED/INSTRUMENT AIR SYSTEM

B.1.1 PROCESS NEEDS

) The quantitative process needs which apply to the utility distribution system, including
‘compressed/instrument air, are summarized as part of Table B-1 below. Any transfer system
instrumentation requiring compressed/instrument air is expected to receive it from the
compressed/instrument air system for the 241-AZ tank farm.

B.1.2 EXISTING AND PLANNED COMPRESSED/INSTRUMENT AIR SYSTEM

The 241-AZ and 241-AY tank farms share an instrument air system which is located in
the 701-A Building. It consists of two large capacity air compressors with a large capacity
reservoir. Additionally, there are two emergency backups and generators. The system is
capable of providing sufficient air to the Air Lift Circulators (ALCs) in the Aging Waste
Facility. - Therefore, any instrument air requirements can easily be accommodated by this

arvratara  Thin anninmant ic e antler inctallad and Ann he wrarifiad ac maatina tha ranniramantce
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B.1.3 COMPARISON OF EXISTING AND PLANNED EQUIPMENT TO
PROCESS NEEDS

The 241-AZ tank farm transfer system contains one instrument requiring instrument
air: the weight factor leak detectors in the leak detections pits. Because the
compressed/instrument air system is sized to provide sufficient air flow to the ALCs, it is
sufficient to provide instrument air to the weight factor leak detectors.

B.2 RAW WATER SYSTEM

B.2.1 PROCESS NEEDS

The quantitative process needs which apply to the utility distribution system, including
raw water, are summarized as part of Table B-1 below. Raw water is expected to be supplied
at variable flows with maximum flow rate of at least 530 L/min (140 gal/min) at 5.84 kPa
(70 psi) to allow for in-line dilution for the transfer pumps, in-tank dilution and pipeline pre-
heating and flushing. :

B.2.2 EXISTING AND PLANNED RAW WATER SYSTEM

Currently, tanker trucks transport all raw water used in 241-AZ tank farm (Powell,
1998). The raw water is then delivered to the transfer line or tank via the tanker truck booster
pump and some sort of jumper or connection to the transfer line.

The raw water system in 241-AZ tank farm will be upgraded by Project W-211 for
102-AZ waste dilution and pipeline flushing. Although a specific interface point has not been
chosen, a number of options exist, Refer to HNF-1507, Interface Document, Project W-211,
Initial Tank Rerrieval System. The existing system will adequately support transfer line
flushing operations.

B.2.3 COMPARISON OF EXISTING AND PLANNED EQUIPMENT TO PROCESS
NEEDS

The Project W-211 raw water system upgrade will provide raw water at 530 L/min
(140 gal/min) and 5.84 kPa (70 psi) (Rieck 1998). Therefore, the future upgrade to the
241-A7Z tank farm raw water systemn will be sufficient to support dilution and flushing
activities.

B-4
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B.3 ELECTRICAL POWER

B.3.1 PROCESS NEEDS

The quantitative process needs that apply to the utility distribution system, including
electrical power, are summarized as part of Table B-1 below. The existing power distribution
system for 241-AZ tank farm is not expected to allow operation of all existing equipment.
Historical electrical metering data indicate that spare capacity does not exist to support the
planned waste retrieval and transfer operations.

B.3.2 EXISTING AND PLANNED ELECTRICAL POWER DISTRIBUTION SYSTEM

The power system is described via two main functions, the electrical distribution system
to the AZ farm and distribution within the farm.

The substation installed by Project W-151 is fed from 13.8 KV line number C8-L6.
The capacity of this line is approximately 7 MW and the existing average demand load is
approximately 3 MW.

The new substation installed by Project W-151 for AZ tank farm is being modified by
Project W-211 to add variable frequency drives (VEDs) for two mixing pumps and a transfer
pump in tank 241-AN-105, and to provide a dilution system to serve the AN, AY, and AZ
tank farms. Transfer switches will be provided by Project W-211 to facilitate connection of
future retrieval systems in other AN farm tanks. The system configuration will also allow
operation of one mixer pump in each of AN and AZ farms simultaneously.

B.3.3 COMPARISON OF EXISTING AND PLANNED EQUIPMENT TO
PROCESS NEEDS

The power system is also evaluated by examining the two main required functions, the
electrical distribution system to the AZ farm and the distribution within the farm.

The existing tank farms electrical supply may not be adequate to supply either the
process need maximum load or the schedule based maximum electrical load. The process need
load is more conservative than the postulated schedule load. The process need requires the
indepéndent operation of retrieval equipment in each of the four 200 East Area DST farms.
This is equivalent to running two mixer pumps and one transfer pump in each farm, or, eight
224-kW (300-hp) mixer pumps and four 44 kW (60-hp) transfer pumps. The postulated
schedule load is based on the integrated schedules. The integrated schedules show that at least
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once in each of the first three years of processing up to nine mixer pumps and one transfer
pump may be needed simultaneously to suspend and transfer solids. .

The capacity of the C8-L6 line is approximately 7 MW and the existing average
demand load is approximately 3 MW. The power requirement for a pair of 224-kW (300-hp)
mixing pumps and a 44-kW (60-hp) transfer pump is about 640 KXVA. The simultaneous
operation of nine mixer pumps (one set of mixers in each of 241-AY-102 (four 112-kW
- [150-hp]), AZ Farm (two 224-kW [300-hp]) and AN (or AW) Farm (two 224-kW [300-hp])
and one (224-kW [300-hp]) mixer in AP Farm) cannot be achieved. Load flow and voltage
drop analysis of 13.8 KV line C8-L6 indicates that the line cannot provide power to the
postuiated schedule maximum TWRS load of nine mixer pumps and one transfer pump
operating simultaneously without experiencing excessive voltage drop in the tank farm area.
The voltage drop will also be excessive for the process need requirement since it is more
conservative than the postulated schedule load. To resolve this potential issue the possibility of
transferring some tank farm loads to other electrical supply lines in the area (lines C8-L5 and
C8-1.8 are the most likely candidates) could be explored. Or, a more detailed examination of
schedule constraints for simultaneous operation of nine mixer pumps could be examined and
the process need for independent operation of each farm can be modified. The load flow study
is summarized in Appendix F.3.1. A load projection study is also in progress to evaluate the
changes in other loads on the distribution line in future years.

The modifications being made by.project W-211 will result in the existence of enough
VFDs to operate four mixing pumps simultaneously. The 1000 KVA substation in 241-AN
tank farm currently will have enough capacity to run two mixer pumps and two transfer pumps
for the AN and AZ farms combined. However, the transformer will need to be upgraded to
operate two mixer pumps and a transfer pump in each farm simultaneousiy. Overall, the
process need to provide for the simultaneous operation of nine mixer pumps (one set of mixers
in each of 241-AY-102 [four 112 kW (150 hp)], AZ Farm [two 224 kW (300 hp)] and AN [or
AW] Farm {two 224 kW (300 hp)] and one 224-kW [300-hp] mixer in AP Farm) cannot be
achieved.

In addition, it is uncertain at this time whether the 241-AN tank farm ventilation system
would be able to support the effects of heat input from more than two mixer pumps operating
at full speed (Rieck 1998).

In summary, the substation will operate two mixer pumps and two transfer pumps
simultaneously in AN farm and/or AZ farm. However, the substation will require a
transformer upgrade in order to operate two mixer pumps and a transfer pump in each farm
simultaneously. In addition, the possibility of transferring some tank farm loads to other
electrical supply lines in the area, e.g., lines C8-L5 and C8-L8 should be explored.
Conversely, a detailed examination of schedule constraints for simultaneous operation of nine
mixer pumps or the process need for independent operation of each farm may also be
considered or required.
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B.4 STEAM

B.4.1 PROCESS NEEDS

No process needs for steam have been identified for 241-AZ tank farm. Any 241-AZ
tank farm transfer system components requiring steam are expected to receive it from the 241-
AY tank farm steam coil system.

B.4.2 EXISTING AND PLANNED STEAM SYSTEM

The 241-AY tank farm steam coil system is capable of providing steam to the steam
heater units in each of the waste tanks in the 241-AZ tank farm. However, these steam heater
units are non-operational. The last time they were operated was in 1983, in support of -
plutonium-uranium extraction (PUREX) startup. The coils had developed considerable leaks at
that time. Presently, the steam system is isolated from the steam heater coils
(Powell 1998).

B.4.3 COMPARISON OF EXISTING AND PLANNED EQUIPMENT TO
PROCESS NEEDS

The existing steam heaters are not required to meet any transfer system process needs.
No needs for steam have been identified within the 241-AZ tank farm to support Phase 1
privatization. Therefore, the 241-AZ tank farm steam-system is sufficient for waste feed
delivery.

B.5 REFERENCES

Rieck, C. A., 1998, Interface Document, Project W-211, Initial Tank Retrieval Systems,
HNF-1507, Rev. 0, Numatec Hanford Corporation, Richland, Washington.

LMHC, 1998, TWRS Administration Manual, Volume IV, Section 5.4, HNF-1P-0842,
Rev. 10g, Lockheed Martin Hanford Corporation, Richland, Washington.

LMHC, 1997, Tank Waste Remediation System Technical Safety Requirements,
HNF-SD-WM-TSR-006, Rev 0-L, Lockheed Martin Hanford Corporation, Richland,
Washington.
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Table B-1. Comparison of Process Needs to Existing and Planned Equipment for Utilities in 241-AZ Tank Farm.

Quantitative tank-specific
process need

Existing or planned structure,
system, or component

Is existing and planned
equipment adequate
(Yes/No)

Basis

Comments/issues

4.P2.1Provide capability Raw water system will feed Yes Per HNF-1507, Appendix D, Section | Raw Water System is capable of
for addition of the AZ farm and the dilution D.2.13. providing water to the diluent
approximately 379 m3 system. system for treatment.  The
(100,000 gal) of inhibited required flow rate must be
water to 241-AZ-101 and specified to complete the
241-AZ-102 for each of the evaluation of the system

final two slurry transfers to adequacy.

the Privatization

Contractor. The inhibited

water shall meet the

minimum corrosion

specifications of 0.01M.

OH" and 0.011IM.NO,".

4.,P2.2. Provide a diluent Raw water system will feed Yes Per HNF-1507, Appendix D, Section| Raw Water System is capable of

system and water addition
line to allow addition of up
to 341 m? (90,000 [TBR]
gal) raw water near the
intake of each mixer pump.
The dilution system should
be capable of providing this
quantity at a tlow rate of
TBD gal/min.

the AZ farm and the dilution
system.

D.2.13.

providing water to the mixer
pump systems. The required
flow rate must be specified to
complete the evaluation of the
system adequacy.

0 UOISIADY
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Table B-1. Comparison of Process Needs t¢ Existing and Planned Equipment for Utilities in 241-AZ Tank Farm.

Quantitative tank-specific
process need

Existing or planned structure,
system, or component

Is existing and planned
equipment adequate
(Yes/No)

Basis

Comments/issues

5.P4.1. Provide for the
independent operation of
one set of mixer pumps in
cach of four 200 East Area
DST farms and one
transfer pump in a 200 East
Area DST farm. !

Provide controt systems
and electrical distribution
systems which can support
the simultancous operation
of up to nine mixer pumps
and one transfer pump.

The electrical distribution
system shall have a
capacity to run 9 pumps
totaling 1,600 kW

(2,100 hp) or 2 MVA with
capacity to handle inrush
currents

The existing C8-L6 line is
adequate for loads up to 10
MVA. Enough VSDs wiil
be present in building
241-AZ-156 to run two sets
of mixer and transfer pumps.
However, the transformer
only has capacity to run one
set. Therefore, If more than
two mixer pumps are to be
run simultaneously in the
AN/AZ farms, the
transformer will have to be
replaced.

No

Refer to Analysis in Appendix F,
Section F.3.1.

If more than two mixer pumps are to
be run simultaneously in the AN/AZ
farms, the transformer will have to be

replaced.

In-rush current capacity is not
expected to be an issue due to
the “soft” starts to be perforimed
via the VFD’s.

Q UoISIADY
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Table B-1. Comparison of Process Needs to Existing and Planned Equipment for Utilities in 241-AZ Tank Farm.

Quantitative tank-specific
process need

9.P1.2. Provide transfer
pumps with a water
addition feature that will
provide slurry dilution
capability at the pump
suction. The needed
dilution water flow rate is
265 L/min (70 gal/min)
(TBR). Pipeline transfer
parameters of interest
include pressure drop and
solids deposition. The
quantity of diluent is
determined on a transfer by
transfer basis such that
pipeline operating pressures
are not exceeded and
calculated critical settling
velocities are <1.2 m/sec
(4 ft/sec).

Existing or planned structure,
system, or component

Is existing and planned
equipment adequate
(Yes/No)

Basis

Comments/issues

Raw water system will feed
the AZ farm.

" Yes

Per HNF-1507, Appendix D, Section

D.2.13.

Raw Water System is capable of
providing water to the Diluent
systems. The adequacy of the
raw water flow rate must be
verified at the design review.,

9.P4.1. Provide a diluent
system the transfer lines
with raw or inhibited water
at 530 L/min (140 gal/min)
(TBR).

Raw water system will feed
the AZ farm.

Per HNF-1507, Appendix D, Section

D.2.13.

Raw Water System is capable of
providing water to the Diluent
systems. The adequacy of the
raw water flow rate must be
verified at the design review.

9.P4.3. Flush transfer lines
with water volumes
equivalent to 1.5 times the
transfer line internal

volume.

Raw water system will feed
the AZ farm.

Per HNF-1507, Appendix D, Section

D.2.13.

Raw Water System is capable of
providing water to the Diluent
systems. The adequacy of the
raw water flow rate must be
verified at the design review.

General Notes

1. Itis understood that several systems will require electrical utility support, i.e., monitoring and/or control systems, the ventilation systems, etc. An
enabling assumption for this evaluation is that the existing clectrical system is capable of meeting the requirements for these systems, i.¢., low demand systems.
The point is further made here that a low demand system is a system with an order of magnitude less power requircments than a 300 HP pumps or large scale
ventilation systems with large blowers, chillers, and associated support systems.

N .
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Table B-2. Comparison of Safety Requirements to Existing And Planned Equipment For Utilities in 241-AZ Tank Farm.

Quantitative tank-specific
process need

Existing or planned structure,
system or componem

Is existing and planned
equipment adequate

(Yes/No)

Basis

Comments/issues

1.85.1. Service water Equipment in place, planned | Yes Per HNF-IP-0842, Volume IV,

pressure detection systems | or to be covered by Section 5.4, a USQ review will be

that are physically procedure. required for all, ECN’s, New Design

connected to an active Media, operating procedures, or

waste transfer pump not changes to the facility, to ensure the-

under administrative lock TSR requirements are met.

shall be operable. :

8.83.4 Tank 241-AZ-101 Equipment in place. Yes Documented on H-2-68335. Per

air lift circulation must be HNF-IP-0842, Volume IV, Section

operable when waste 5.4, a USQ review will be required

solution temperature is for all, ECN’s, New Design Media,

>93 °C (200 °F) and operating procedures, or changes to

when sludge temperature is the facility, to ensure the TSR

>110 °C (230 °F). requirements are met

Note: it is assumed that this

will also be applicable to

tank 241-AZ-102.

8.82.1. Provide instrument | Equipment in place Yes Documented on H-2-68335. Per

air to weight factor leak ! HNF-1P-0842, Volume IV, Section

detection systems at an 5.4, a USQ review will be required

appropriate flow rate and for all, ECN’s, New Design Media,

pressure. operating procedures, or changes to
the facility, to ensure the TSR
requirements are met.

9.51.2. Provide instrument | Equipment in place. Yes Documented on H-2-68335. Per

air to weight factor leak
detection systems at an
appropriate flow rate and
pressure.

HNF-IP-0842, Volume 1V, Section
5.4, a USQ review will be required
for all, ECN’s, New Design Media,
operating procedures, or changes to
the facility, to ensure the TSR
requirements are met.

0 UoIStAy
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APPENDIX C

INSTRUMENTATION, MONITORING, AND CONTROL
PROCESS NEEDS AND ASSESSMENT
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APPENDIX C

INSTRUMENTATION, MONITORING, AND CONTROL
PROCESS NEEDS AND ASSESSMENT

Operations supporting waste feed delivery must be monitored and controlled to stay
within an approved authorization safety basis as well as to deliver waste feed within the
constraints established by the Phase 1 privatization contract. Successful waste retrieval and
delivery of the proper composition waste feed to the private contractor within schedule requires
that in-tank processing and transfers be effectively controlled. Development and
implementation of a successful process monitoring and control system requires that overall
process operational needs be clearly defined.

C.1 PROCESS NEEDS

Process control parameters for process operations, to maintain safe operation and to
respond to off-normal conditions are presented in Tables C-1, C-2 and C-3 respectively.
Table C-4 identifies manipulated parameter(s) and monitored variable(s) for each control
parameter identified in Tables C-1 through C-3. Table C-5 identifies monitoring and control
instrumentation based on the monitoring methods established in Table C-4.

C.2 EXISTING AND PLANNED MONITORING, INSTRUMENTATION AND
CONTROL EQUIPMENT

Table C-6 identifies the existing and planned monitoring, instrumentation and control '
equipment for 241-AN tank farm. The project responsible for placement of the equipment in
the tank farm is also identified for that monitoring, instrumentation and control equipment
which is planned. )

C.3 COMPARISON OF EXISTING AND PLANNED MONITORING,
INSTRUMENTATION AND CONTROL EQUIPMENT TO PROCESS NEEDS

Table C-7 compares the process monitoring and control needs established in Tables C-1
through C-5 to the existing and planned monitorirg, instrumentation and control equipment
identified in Table C-6. Table C-7 identifies whether the existing and planned equipment is
adequate to meet the process needs for monitoring and control and also establishes the
technical basis for whether or not the existing or planned equipment is adequate.
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Table C-1. Process Control Parameters for 241-AZ Tank Farm Supporting Phase 1 Feed Delivery.

Process step -

Qualitative process need

Quantitative tank-specific process need

Control parameter(s)

Comments/issues

1. Safe Storage

See Table 4.2

See Table 4.2

See Table 4.2

2. Degas Feed
(This process
step/need
applies only to
flammable gas
watch list tanks

P1. Remove trapped flammable
wases from waste prior to

- {transfer to eliminate or reduce

probability of occurrence of a
lgas release event.

1. Reserved (None)

[Tanks. (N/A)

Process step Not Applicable to 241-AZ

241-AN-103,
241-AN-104 P2. Control rate of gas release  |1. Reserved (None) N/A
and ) from flammable gas watch list
241-AN-105,  |ianks.
241-AW-101,
241-SY-101,
and
241-SY-103)
3. Separate P1. Provide LAW feed to the 1. Reserved (None) N/A
Solids and private contractor within the
Liquids icontract envelope limits for
insoluble solids.
4. Dissolve P1. Dissolve soluble precipitated [1. Reserved (None) N/A
Solids saits in selected DSTs. Selected
DSTs are 241-AN-103,
241-AN-104, 241-AN-105,
241-AW-101, 241-SY-101, and
241-SY-103.
2. Allow operation of 1. Reserved (See 5B.P2.1) See SB.P2.1
equipment (bottom
thermocouples, mixer pumps,
decant pumps, slurry transter
pumps)
P3. Retrieve waste from 1. Reserved (See SB.P4.1) ISee SB.P4.1

multiple tanks as needed to
support waste feed delivery
schedule.

STEN
T¥6T-INH



<D

Table C-1. Process Control Parameters for 241-AZ Tank Farm Supporting Phase 1 Feed Delivery.

Process step

Qualitative process need

Quantitative tank-specific process need

Control parameter(s)

Comments/issues

SA.Mobilize
Solids

P1. Transfer solid particles from
a static settled state solid phase
to a dynamic state. (If solids
transferred to AZ farm allowed
to settle)

1. Mobilize >90% of the solids initially in
D41-AZ-101, >60% of the solids initially
in 241-AZ-102, and >99% of the solids
transferred to these tanks from
241-AY-102.

[Waste Density (% solids)

P2. Reserved

P3. Prevent components from
exceeding operating parameters
for the system

1. Equipment used to suspend or mobilize
waste shall be able to ‘operate under both
lnormal startup and operation conditions
(Note: for the currently planned system -
Prevent cavitation of the mixer pump
duting normal startup and operation
conditions).

Pump rotational speed, primary tank
level, waste temperature, waste density,
pump/motor vibration, vapor space
pressure

2. Reserved

3. Control excursions into unplanned
operations scenarios for initial system start
up and subsequent operation. (Note: for
the currently planned system - provide
mixer pumps with a VFD capable of
loperating the pump from a minimum speed
to tull speed operation.

IVFD system, pump RPM, vapor space
pressure

Note that the minimum
operating speed is 58% due
to seal design.

4. Provide in-tank components which can
withstand forces imparted by solids
mobilization and suspension equipment and
remain operable and retrievable from the
DST. (Note: for the currently planned
system - Provide (or replace) in-tank
components which can withstand forces
imparted by full speed mixer pump
loperation and remain operable and
retrievable from the DST)

In-tank camera with controls with air or
nitrogen purge pressure/flow

0 UOISIASY
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Table C-1. Process Control Parameters for 241-AZ Tank Farm Supporting Phase 1 Feed Delivery.

Process step Qualitative process need Quantitative tank-specific process need Control parameter(s) Comments/issues
SA.Mobilize 5. Provide solids mobilization and [n-tank camera with controls with air or
Solids (cont.) suspension equipment which will not nitrogen purge pressure/flow

damage the tank structure during normal
land/or otf-normal operation. (Note: for
the currently planned system - Provide
mixer pumps which will not damage the
tank structure during normal and/or off-
normal operation.)

6. Monitor the rate of operation of Motor current, RPM, nozzle orientation
equipment used to effect solids
mobilization and suspension. {(Note: for
the currently planued system - Provide, at
la minimum, the following mixer pump
instrumentation: remote readout of pump
motor amperage, shaft rotational speed,
and nozzle orientation.)

5B. Suspend
Solids

P1. Suspend mobilized solid 1.Reserved Not Applicable to 241-AZ Tanks
iparticles in the liquid phase.
(Note: for currently planned
system - Mixer pump operation
should mix liquids and suspend
mobilized solids uniformly
throughout the waste solution.)

2. Mix tank contents to provide <TBD% [Primary tank waste density (% solids)
variability of suspended HLW solids

concentrations over the full depth prior to
sampling and prior to beginning each feed

transfer,
P2. Add diluent to allow 1. Provide capability for addition of Diluent volume, diluent chemistry,

loperation of equipment 379 m3 (100,000 gal) of inhibited water to [waste level, waste temperature.
. 241-AZ-101 and 241-AZ-102 for each of

the final two slurry transfers to the
Privatization Contractor. The inhibited
water shall meet the minimum corrosion
specifications of 0.01M OH ™ and 0.011M.
NOy. -

P3. Reserved.

0 UOISIAY
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Table C-1. Process Control Parameters for 241-AZ Tank Farm Supporting Phase 1 Feed Delivery.

Process step

Qualitative process need

Quantitative tank-specific process need

Control parameter(s)

Comments/issues

5B. Suspend
Solids (cont.)

P4. Retrieve waste from
multiple tanks as needed to
support waste feed delivery
schedule.

1. Provide for the independent operation of
one set of mixer pumps in each of four 200
East Area DST farms and one transfer
pump in a 200 East Area DST farm.

Provide control systems and electrical
distribution systems which can support the
independent operation of retrieval
equipment in cach of the four 200 East
\Area DST farms and one transfer system
in a 200 East area DST farm.

None--operational control required but
see note for automatic control limitations
imposed on VFD system for mixer
pumps.

Initial Tank Retrieval
Systems Description of
Operations for AP-102/104
(Rev. D, 6/1/98) limits the
simultaneous operation of 2
mixcer pumps to | @ 100%
land 1 @ 60% due 1o size of
the electrical transformer.

Note that Project W-211

6. Sample
Waste

P1. Ensure compatibility
between sending and receiving
tanks

1. Provide capability for taking multiple
representative grab samples of the waste
trom one ‘or more risers. Waste
compatibility testing is performed per
existing DQOs.

Grab sampling system for primary tank.

P2. Confirm waste composition
and inventory within contract
specifications

1.Reserved

2. The total sample volume, will meet the
sample volume needs for: analysis of the
tank waste to support feed certification, a
sample to BNFL, and archive sample
material. The tank waste sample provided
lto BNFL will contain at least 200 grams of
solids. Tank waste conditions such as
tehperature and tank volume will be
identified at the time of sampling. Samples
of each HLW feed tank will be provided to
the privatization contractor at least 30 days
lprior to the first transfer of such waste to
the contractor’s feed tank and no later than

S days after sampling of the feed batch.

Grab sampling system.

0 UOISIADY
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Table C-1. Process Control Parameters for 241-AZ Tank Farm Supporting Phase 1 Feed Delivery.

Process step

Qualitative process need

Quantitative tank-specific process need

Control parameter(s)

Comments/issues

6. Sample
Waste (cont.)

3. The HLW tank waste sampling method
(core sampling or grab sample techniques)
will be established for each tank waste
lbased upon the waste characteristics and
capability of the system. Immediately
following the shutdown of the mixer
pump, approximately equal volume grab
samples of waste material will be obtained
from every 0.61 m (2 ft) of waste height
from below a single riser for a grab
sampling technique. (For a core sampling
technique a core the entire height of the
tank waste will be obtained).

Grab sampling system.

7. Transfer
Supernate from
Tank

P1. Avoid solids accumulation
which could plug the transfer
line. Avoid solids precipitation
during transfer due to cooling or
dilution

1. Reserved (None)

P2. Remove targeted waste
olumes/levels.

1. Reserved (None)

P3. Prevent components from
exceeding operating parameters
for the system.

1. Reserved (None)

P4, Capability to flush the
transfer lines with inhibited
water.

1. Reserved (None)

8. Receive
Supernate into
Tank

P1. Do not overfill tank.

1. Reserved (None)

9. Transfer
Solids Slurry
from Tank

P1. Avoid solids accumulation
which could plug the transfer
line.

1. Provide transfer system capable of
lachieving a waste transfer velocity of
1.8 10 2.7 m/s (6 to 9 ft/sec).

Sturry flow rate

Need to correlate flow rate
with transfer piping cross-
sectional area.

2. Provide transter pumps with a water
addition feature that will provide slurry
dilution capability at the pump suction.

_{The needed dilution water flow rate is

530 L/min (140 gal/min).

Diluent pressure, diluent flow rate,
(Transfer piping pressure, transfer piping
flow rate, transfer piping differential
pressure (source tank to receiver), slurry

viscosity, sturry density

0 uoIsIASY
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Table C-1. Process Control Parameters for 241-AZ Tank Farm Supporting Phase 1 Feed Delivery.

Solids Slurry
from Tank
(cont.)

9. Transfer

need

Qualitative process

P2. Remove targeted waste
volumes/levels.

Quantitative tank-specific process need

Control parameter(s)

Comments/issucs

1. Determine total HLW solids mass
(expressed as non-volatile oxides)
transferred to the Privatization Vendor to
within a variability of TBD %.

Sampling system (slurry
characterization)

P3. Prevent components from
exceeding operating parameters
for the system

1. In normal operation, maintain the
transfer system pressure drop below the
transfer line operating pressure. The
maximum line operating pressure can vary
between, 16.8 to 28.6 kPa (230 to 400 psi)
depending on the transfer line.

[Transfer piping differential pressure
(source to receiver)

[2. Transfer system components within the
tanks shall withstand external forces
imparted by other equipment. (Note: for
icurrently planned system - In tanks
containing mixer pumps, provide slurry
transfer pumps which can be operated
during mixer pump operation and
withstand forces imparted by full speed
imixer pump operation and remain operable
land retricvable from the DST

None

Note that present design
(Project W-211) does not
allow mixer pumps to
operate unless transfer
isuction bell is fully raised.

3. Provide transfer system components
capable of transferring waste with a density
las high as 1.4 g/ml.

aste density

Requirements to be satisfied
by transfer system design.

prevents the occurrence of water hammer
resulting from reconfiguration of the
system during the transfer.

6. Transfer system equipment shatl
function during normal startup and
operation conditions. Net positive suction
head required should not exceed net
[positive suction head available at most
restrictive expected operating conditions

Primary tank waste level, waste
temperature, waste density, vapor space
pressure, transfer pump RPM,
pump/motor vibration.

t. Provide transfer system components None - Requirements to be satistied
capable of handling wastes with a pH of 7 by transfer system design.
or greater. ’

5. Provide a transfer system which None Requirements to be satisfied

by transfer system design.

0 UOISIAY
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Table C-1. Process Control Parametess for 241-AZ Tank Farm Supporting Phase 1 Feed Delivery.

Process step s need

Qualitative proce: Quantitative tank-specific process need Control parameter(s) Comments/issues

01-D

9. Transfer
Solids Slurry
from Tank
(cont.)

transfer lines with inhibited
water.

1. Provide a diluent system to flush the
transfer lines with inhibited water at
530 L/min (140 gal/min).

[Transfer pump discharge pressure, flow,
flush water chemistry

R. Flush transfer lines with water volumes
lequivalent to 1.5 times the transfer line
internal volume.,

[Transfer Piping flush water volume.

10, Receive
Solids Slurry
into Tank

P1. Do not overfill tank

1. Provide tank level monitoring and alarm
systems

Primary waste level (receiver tank)

P2. Minimize generation of
acrosols in 241-AY and 241-AZ

Tank Farms

1. In 241-AZ and 241-AY tanks, provide a
idrop leg or other method of discharging
liquid beneath tank waste surface.

None, part of mechanical system design

0 UOISIAYY
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Table C-2. Safety Control Parameters-for 241-AZ Tank Farm in Support of Phase 1 Feed Delivery.

Flowsheet
process step

Qualitative process safety
objective

Quantitative tank-specific process safety
requirement

Control parameters

Comments/issues

1. Safe
Storage

S1. Manage tflammable gas
hazards

1. Reserved

Not Applicable for 241-AZ Tanks

2. Manage tanks AZ-101 and AZ-102 as
Facility Group 2 assignments.

Hydrogen gas monitoring, vapor space
pressure, annulus leak detection (air
stream)

Per the BIO 5.3.2.14,
flammable gas can be
monitored by sampling for
hydrogen only, with an
alarm at 7500 ppmv.

3. Maintain flammable gases
concentrations no greater than 25% of the
lower flammability limit

Hydrogen gas monitoring, vapor space
pressure

S2. Manage potential ignition
sources that can initiate a fire

or flammable gas deflagration.

1. Reserved

Not Applicable for 241-AZ Tanks

2. Flammable gas ignition source controls
for Tanks AZ-101 & AZ-102 are Facility
Group 2 requirements,

Hydrogen gas monitoring, vapor space
pressure

3. An active primary ventilation system
shall be operable for all DSTs and AWTs

Ventilation stack flow rate, vapor space
pressure

S3. Monitor flammable gas
concentrations to prevent
deflagration

1.Reserved

Monitoring required since AZ-101
tanks are a facility Group 2 tanks. -

S4. Provide operable transfer
system covers

1. Transfer system covers associated with
structures that are physically connected to
an active waste transfer pump not under
administrative lock or under the control
of AC 5.22, “Transfer System Cover
Removal Controls” shall be operable.

None

$5. Provide service water
pressure detection

1. Service water pressure detection
systems that are physically connected to
an active waste transfer pump not under
administrative lock shall be operable.

Diluent pressure, raw water pressure

0 UOISIAY
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Table C-2. Safety Control Parameters for 241-AZ Tank Farm in Support of Phase 1 Feed Delivery.

Flowsheet
process step

Qualitative process safety
objective

Quantitative tank-specific process satety
requirement

Control parameters

Comments/issues

1. Safe
Storage (cont.)

$6. Provide transter leak
detection

1. Leak detection in all process pits,
diversion boxes, vault pits, and cleanout
boxes physically connected to an active
waste transfer pump that is not under
administrative lock shall be operable.

Tank/diversion box level, encasement
conductivity probe

$7. Provide ventilation stack
continuous air monitor (CAM)
interlock systems

$8. Provide tank ventitation

active venti

1. Primary tank ventilation stack CAM
interlock systems shall be operable when

Radiation detector (exhaust stack),
HEPA filter differential pressure

system for DSTs and AWE tanks shall be
operable.

Ventilation stack flow rate, vapor space

pressure

89. Provide primary tank leak
detection

1. Either the annulus conductivity probe
system or the annulus continuous air
monitor system shall be operable for
DSTs and AWF tanks.,

Annulus conductivity sensor ,
ventilation stack flow rate, radiation
detector (exhaust stack)

S10. Control tank waste
temperature

1. Tank waste temperature shall be
either: <90 °C (195 °F) in all levels of
the waste; or <90 °C (195 °F) in the
top 4.6 m (15 ft} of the waste and
<102 °C (215 °F) in the waste below
4.6 m (15 fr).

Waste temperature

2. Waste temperature shall not exceed
121 °C (250 °F).

Waste temperature

S11. Prevent primary tank
overfilling

1. Provide instrumentation, monitoring
and controls for service water to avoid
overfilling a waste tank in the event of a
water line break.

Service water tlow totalizer , primary
tank level

Flow totalizer specified by
BIO (pg. 5.4-58)

S12. Prevent subsurface
release of radioactive materials
due to leaks in multiple tanks.

1. Provide primary tank leak detection,
tank level monitoring, and temperature
monitoring, and transfer controls on
waste pH.

Primary tank temperature monitoring,
primary tank leak detection, primary
tank level monitoring system.

4. Add
Diluent to
Tank

S1. Prevent contamination of
service water systems

1. Prevent backflow of waste from active
waste transfer pump into service water
systems that are physically connected
during transfer

Diluent/raw water differential pressure,
radiation detection system

Instrumentation specified
by BIO (pg. 5.4-153)
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Table C-2. Safety Control Parameters-for 241-AZ Tank Farm in Support of Phase 1 Feed Delivery.

Flowsheet
process step

Qualitative process safety
objective

Quantitative tank-specific process safety
requirement

Control parameters

Comments/issues

5. Mix Tank
Contents

S1. Control tank waste
temperature

1. Tank waste temperature shall be
either: <91 °C (195 °F) in all levels of
the waste; or <91 C (195 °F) in the top
4.6 m (15 ft) of the waste and <102 °C
(215 °F) in the waste below 4.6 m

(15 o).

Waste temperature

2. Temperature changeover time for
solutions in tanks shall be <5.6 °C/hr
(10 °F/hr (<125 °F) or <11 °C/day
(20 °F /day (>125 °F) :

Waste temperature, temperature trend
recorder

3. Temperature gradients of solution in
tanks shall be <100 °C/ft (S5 °F/ft)
within the solution and at the '
solution/vapor interface.

Waste temperature

Need to determine the
vertical and horizontal
placement of temperature
sensors to meet the

gradient requirement

4. Tank 241-AZ-101 air lift circulation
must be operable when waste solution
temperature is >93 °C (200 °F) and
when sludge temperature is > 110 °C
(230 °F).

Waste temperature, circulator air
pressure and air flow

Note: it is assumed that
this will also be applicable
to tank 241-AZ-102

S2.Monitor for leaks or line
misroutings

1.Provide instrument air to weight factor
leak detection systems at an appropriate
flow rate and pressure.

Instrument air pressure, instrument air
flow rate

9. Transfer
Solids Slurry
from Tank

S1. Monitor for leaks or line
misroutings

1. Perform material balance calculations
during each waste transfer. Calculations
shall be performed at 30 and 60 minutes
following waste transfer initiation and
every 2 hours thereafter until the transfer
is complete (safety constraint)

Waste mass flow meter

2.Provide instrument air to weight factor
leak detection systems at an appropriate
flow rate and pressure.

Instrument air flow rate, instrument air
pressure
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Table C-2. Safety Control Parameters-for 241-AZ Tank Farm in Support of Phase 1 Feed Delivery.

Flowsheet
process step

Qualitative process safety
objective

Quantitative tank-specific process-safety
requirement

Control parameters

Comments/issues

9. Transfer
Solids Shurry
from Tank
(cont)

$2. Prevent contamination of
service water systems

L. Prevent backflow of waste from active
waste transfer pump into service water
systems that are physically connected
during transfer

Diluent/raw water differential pressure,
radiation detection system

$3. Detect subsurtace leaks
that remain subsurface

1. Transfer leak detection systems in
systems and structures connected 10 a
waste transfer pump and pipe-in-pipe
encasements shall be operable

Tank/diversion box level, encasement
conductivity probe

S4. Mitigate transfer spray leak

1. Ventilation stack CAM interlock
systems shall be operable

Exhaust stack radiation detector,
HEPA filter differential pressure

10. Receive
Solids Shurry
into Tank

S1. Control tank waste
temperature

1. Tank waste temperature shall be .
either: <91 °C (195 °F) in all levels of
the waste; or <91 °C (195 °F) in the top
4.6 m (15 ft) of the waste and < 102 °C
(215 °F) in the waste below 4.6 m

(15 ft).

Waste temperature, mixer pump
controls (speed, orientation), air lift
circulator air supply pressure & flow

0 UOISIAY
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Table C-3. Off-normal Occttrrence Control Parameters for 241-AZ Tank Farm
In Support of Phase 1 Feed Delivery.

Flowsheet Postulated off-normal Control parameter(s) Additional control .
Process need Comments/issues
process step oceurrence (from Tables C-1 and C-2) parameter(s) needed
1. Safe S1. Manage tlammable gas flammable gas concentration hydrogen gas monitoring, None BIO uses
Storage hazards in vapor space exceeds vapor space pressure, Administrative

requirements

ventilation flow rate

Controls for this
situation (e.g. AC
5.10,5.12, 5.14)

S2. Manage potential ignition
sources that can initiate a fire
or flammable gas
deflagration.

§3. Monitor flammable gas
concentrations to prevent
deflagration

See S1 above.

S4. Provide operable transfer
system covers

S5. Provide service water
pressure detection

pressure switch fails to
activate alarm/interlock

diluent pressure, raw water
pressure

dilueni/raw water
radiation detector

S6. Provide transfer leak
detection

indication received of a leak
in transfer line or diversion
box

Tank/diversion box level,
encasement conductivity
probe

$6. Provide ventilation stack
continuous air monitor
(CAM) interlock systems

CAM failure

radiation detector (exhaust
stack), HEPA filter
differential pressure

CAM failure alarm

S7. Provide tank ventilation

ventilation system failure

vent stack flow, vapor space
pressure

ventilation system
failure/trouble alarms

S8. Provide primary tank
leak detection

S9. Control tank waste
temperature

0 UOISIASY
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Table C-3.

Off-normal Oc¢currence Control Parameters for 241-AZ Tank Farm
In Support of Phase 1 Feed Delivery.

Flowsheet
process step

Process need

Postulated off-normal
occurrence

Control parameter(s)
{from Tables C-1 and C-2)

Additional control
parameter(s) needed

Comments/issues

1. Safe S10. Prevent primary tank service water flow totalizer flow totalizer, primary tank service water low
Storage overfilling failure level and high flow alarms
(cont.)
S11. Prevent subsurface
release of radioactive
materials due to leaks in
multiple tanks.
2. Degas Process step not applicable to
Feed 241-AZ tanks
3. Settle Process step not applicable to
Solids 241-A7 tanks
4. Add P1. Add diluent to dissolve Not -Applicable to 241-AZ
Diluent to soluble precipitated salts in Tanks
Tank selected DSTs. Specifically,

tanks 241-AN-103, AN-104,
AN-105, AW-101, SY-101,
and SY-103.

P2. Add diluent to allow
operation of equipment
(bottom thermocouples,
mixer pumps, decant pumps,
slurry transfer pumps)

P3. Add diluent to adjust
waste composition to meet
tank corrosion specifications

Not Applicable to 241-AZ
Tanks

S. Mix Tank
Contents

S1. Control tank waste
temperature
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Table C-3. Off-normal Occilrrence Control Parameters for 241-AZ Tank Farm
In Support of Phase 1 Feed Delivery.

Flowsheet
process step

Process need

Postulated off-normal
ocecurrence

Control parameter(s)
(from Tables C-1 and C-2)

Additional control
parameter(s) needed

Comments/issues

5. Mix Tank
Contents
{cont.}

$2. Any instrument important
to process control requiring
instrument air shall receive
the air at an appropriate flow
rate and pressure

instrument air supply to air
lift circulators fails

instrument air supply
pressure and flow

tank waste
temperature, mixer
pump controls

P1. Transfer solid particles
from settled solid phase to
suspended solids in a liquid
phase

P2, Mixer pump operation
should mix liquids and
suspend mobilized solids
uniformly throughout the
waste solution.

P3. Components should not
exceed operating parameters
for the system

mixer pump cavitation
detected

pump speed, tank level,
waste temperature and
density, pump/motor
vibration, vapor space
pressure

none

P4. Electrical distribution
system should provide for the
simultaneous operation of 9
mixer pumps

loss of power to one or more
mixer pumps

none

none

6. Sample
Waste

| P1. Ensure compatibility

bétween sending and
receiving tanks

P2. Confirm waste
composition and inventory
within contract specifications

Not applicable to 241-AZ
tanks

7. Transfer
Liquid from
Tank

Not Applicable to 241-AZ
Tanks

0 UOISIAY
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Table C-3. Off-normal Occurrence Control Parameters for 241-AZ Tank Farm
In Support of Phase 1 Feed Delivery.

Flowsheet
process step

Process need

Postulated off-normal
oceurrence

Control parameter(s)
(from Tables C-1 and C-2)

Additional control
parameter(s) needed

Comments/issucs

8. Receive
Liquid into
Tank

Not Applicable to 241-AZ
Tanks

9. Transfer
Solids Slurry
from Tank

S1. Monitor for leaks or line
misroutings

indication received of a leak
in transfer line or diversion
boxes

waste mass flowmeter,
encasement/diversion box
leak detectors

interlock to trip
transfer pump

S2. Any instrument important
to process contro} requiring
instrument air shall receive
the air at an appropriate flow
rate and pressure.

P1. Avoid solids
accumulation which could
plug the transfer line.

Transfer line plugs to allow
less than required flow rate,
pressure drop, or velocity

transfer piping diff. pressure,
pressure, flow rate; diluent or
flush pressure, flow rate

transfer piping flush
water pressure, flow
rate

P2. Transfer system should
be capable of removing
targeted waste volume/levels.

Transfer pump trip during
transfer (e.g. from master
pump shutdown signal)

flush water pressure, flow

none

P3. Components should not
exceed operating parameters
for the system

P4. The transfer system
should have capability to
flush transfer lines with raw
or inhibited water.

10. Receive
Solids Slurry
into Tank

P1. Do not overfili tank.

P2. Minimize generation of
aerosols in 241-AY and
241-AZ Tank Farms
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Table C-4. Mbnitoring Methods: fer 241-AZ Tank Farm Supporting Phase 1 Feed Delivery.

Flowsheet
process step

Control parameter(s)

Manipulated
parameter(s)

Monitored variable(s)

Expected monitoring
and control approach

Alternative M&C
approaches considered

Comments/issucs

1. Safe Storage

1.1 hydrogen gas
monitoring

primary tank ventilation
lair flow, mixer and
transfer pump operation

hydrogen gas (vapor
space and pump pits)

hydrogen analyzer
(continuous, on-line
isampling)

lgrab sample

1.2 vapor space
pressure

ventilation air flow

vapor space pressure
(vacuum)

. jpressure transmitter

(DP or absolute) with
remote indication/alarm

llocal pressure gage

1.3 ventilation stack air
flow

fan speed, damper
position

istack air flow rate

istack isokinetic
probe/control system

pitot tube flow
transmitter

1.4 diluem pressure

pump speed

diluent pressure

pressure transmitter
with remote switch and
indication

local pressure gage

1.5 raw water pressure

pump speed, pressure
control valve

raw water pressure .

pressure transmitter
with remote switch and
indication

focal pressure gage

idetector

DST (outside tank)

lat proper elevations

1.6 exhaust stack none exhaust stack radiation ([CAM with interlock to
radiation exhaust fan
1.7 HEPA filter none differential pressure differential pressure
differential pressure lacross HEPA filter transmitter with
local/remote indication
and interlock with
lexhaust fan
1.8 annulus leak none liguid level in bottom of conductivity probes set |level transmittér with

remote indication/alarm

1.9 primary tank waste
temperature

diluent volume

waste temperature

RTDs at elevations to
lgive temperature
lgradients at various
tank levels

[Thermocouples at
elevations to give
temperature gradients at
various tank levels

RTDs will provide

I+ [F. accuracy; T/Cs
will provide + 2.8F.
Elevations and spatial
distribution of
temperature sensors
nced to be determined
to give the needed
temperature proliles.

1.10 diluent and raw
water volume

diluent and raw waier
flow

diluent and raw water
volume

diluent and raw water
flow totalizer

flow transmitter with
indicator plus

stopwatch
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Table C-4. Monitoring Methods for 241-AZ Tank Farm Supporting Phase 1 Feed Delivery.

Flowsheet
process step

Control parameter(s)

Manipulated
parameter(s)

Monitored variable(s)

Expected monitoring
and control approach

Alternative M&C
approaches considered

Comments/issues

[. Safe Storage
(cont)

1.11 primary tank
waste level

diluent and raw water
volume

tank level

ENRAF™ level system

level sensors at fixed
locations, ultrasonic
system

May not obtain
accurate level data
when mixer pump is in
operation and R
ENRAF™ is in “dip”
mode

1.12 waste temperature
trending

diluent volume

jwaste !empemture
trending

trend recorder
connected to
temperature monitoring
system (see CP 1.9)

1.13 air lift circulator
air pressure

air pressure and flow

air pressure and flow

pressure and flow
transmitters with local
and remote indication
(instrument air system)

local gage and
rotameter

2. Degas Feed

Process step not
applicable to 241-AZ
(Tanks

3. Separate Process step not

Solids and applicable to 241-AZ

Liquids [Tanks .

4. Dissolve 4.1 diluent volume See CP 1.10 Although not
applicable to AZ

Solids

Farm, control
parameters apply to
filuent addition of
Process Step SB.

4.2 diluent chemistry

chemical additives

idiluent chemistry

on-line analyzer
(continuous)

igrab samples with
remote analysis

4.3 primary tank waste
level

See CP 1.11

4.4 primary tank waste
temperature

See CP 1.9

4.5 diluent pressure

Sce CP 1.4 .

4.6 diluent flow rate

diluent water pump
speed

diluent flow rate

flow totalizer with

remote flow indicator

local flow indicator
{(c.g., rotameter)
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Table C-4.

Monitoring Methods for 241-AZ Tank Farm Supporting Phase 1 Feed Delivery.

Flowsheet
process step

Control parameter(s)

Manipulated
parameter(s)

Monitored variable(s)

Expected monitoring
and control approach

Alternative M&C
approaches considered

Comments/issues

9. Transfer
Solids Slurry
from Tank
(cont.)

9.7 slurry viscosity

diluent volume, flow

slurry viscosity

iorab sampler

on-line analyzer

9.8 slurry density

diluent volume, flow

slurry density

[grab sampler

n-line analyzer

9.9 sampling system
for slurry
characterization

shurry chemistry

igrab sampler

on-line analyzer

9.10 transfer pump
discharge pressure

pump speed

Wischarge pressure

[pressure transmitter
with remote indication

local pressure gage

vapor space pressure

9.11 primary tank See CP 1.11
waste level

9.12 primary tank See CP 1.9
waste temperature

9.13 slurry density See CP 4.7
9.14 primary tank See CP 1.2

pump/motor vibration

9.15 transfer pump pump speed pump speed pump VFD controls
rotational speed land indication
9.16 transfer pump speed, NPSH vibration local accelerometers

with remote indication

9.17 transfer pump

©.18 transfer pump
motor current

direction of rotation

pump on/off, speed

pump speed

rotational direction

motor current

transfer pump VFD

VFD controls

9.19 transfer pump
motor bearings and
windings temperature

pump speed

motor winding and
bearing temperature

(T/C or RTD in motor,
indication with VFD
display

9.20 transfer piping
flush water flow

flush water pump speed

flush water flow

flow totalizer with
remote indication

flow indicator
(transmitter or
rotameter) and
stopwatch

9.21 transfer piping

flush water chemistry

chemical additives

flush water chemistry

on-line sampler

lerab sample with
remote analysis
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Table C-4. Monitoring Methods for 241-AZ Tank Farm Supporting Phase 1 Feed Delivery.

Flowsheet
process step

Control parameter(s)

Manipulated
parameter(s)

Monitored variable(s)

Expected monitoring
and control approach

Alternative M&C
approaches considered

Comments/issues

9. Transfer
Solids Slurry
from Tank
{cont)

9.22 transfer piping
flush water volume

See CP 9.20

10. Receive
Solids Sturry
into Tauk

10.1 tank waste level

transfer volume, diluent
volume

tank waste level

ENRAF™ system

10.2 tank waste
temperature

See CP 1.9

10.3 mixer pump speed
controls (speed,
orientation)

See CP 5.1 and 5.6

10.4 air lift circulator
air supply

See CP 1.13
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Table C-5. Monitoring And Control' Instrumentation Parameters Needed For 241-AZ Tank Farm

In Support of Phase 1 Feed Delivery.

Setpoints functions

Tank Monitoring and control instrumentation Range Comment/issue
HiHi Hi Lo LoLo
AZ-101 | hydrogen analyzer (continuous, on-line CHI10-10% H2 | Not required { Required Low or FAIL | Not required | Existing system has
sampling) CH20-1% H2 Required Hi and Fail alarms
pressure transmitter (dp or.absolute) with -25.4 to + 12.7 cm | Required Required Required Required Existing PIT is set
remote indication/alarm (vapor space) (-10to +5 in. WG) for___to___cm
(-6 to +4 in. WG).
All alarms are
generated in Micon
unit.
stack isokinetic probe/control system Stack Flow: 0 to Required Required
(exhaust flow) 24.7 m/min (0 to
871 scfin)
Sample Flow: 0
to 57 L/min (0 to
2 scfm)
pressure transmitter with remote switch TBD Required
and indication (tank diluent)
pressure transmitter with remote switch 1.01 to 7.81 kPa
and indication (raw water) - (0 to 100 psig)
CAM with interlock to exbaust fan 0 to 10,000 cps Required Low or Fail
Required
differential pressure transmitter with TBD Required Required Required
local/remote indication and interlock with
exhaust fan (HEPA)
conductivity probes set at proper Radiation 0 to Required Required for | Existing
clevations (annulus leak detectors) 10,000 cps Rad Mon instrumentation
Leak 2.54 cm Fail. consists of’

(1 in.) and 25.4 cm
(10 in.) in leak
detection pit

WFET101-1 and 101-
2. Also TE-101-
AZ-27 monitors
temperature in the

pit.

0 UOISIASY
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Table C-5. Monitoring And Controk Instrumentation Parameters Needed For 241-AZ Tank Farm
In Support of Phase 1 Feed Delivery.

Setpoints functions

Comment/issue

Tank Monitoring and control instrumentation Range
Hili Hi Lo LoLo
AZ-101 | RTDs at elevations to give temperature TBD Required Required Required To provide
(cont.) | gradients at various tank levels (primary temperature
tank) gradient information
to protect tank
integrity
raw water flow totalizer (primary tank) 0-TBD L Not Required Required
required.
ENRAF™ level system (primary tk.) 0t09.25m Required Required Required
(0 to 364 in.)
trend recorder connected to waste 0-TBD Delta T
temperature monitoring system between set of
TEs (TBD)
pressure and flow transmitters with local 1.01 to 3.42 kPa Temp Hi Press-Low
and remote indication (instrument air (0 to 35 psig) and required Flow-Low
system for air lift circulators) and air lift 566 L/min
circulator temperature indication. (20 scfm)
on-line analyzer (continuous) for diluent pH TBD- Required
water chemistry TBD,Conductivity
TBD-TBD
micromho, Viscosity
TBE-TBD cP
flow totalizer with remote flow indicator 010454 m3 (0to Required to
(diluent) 120,000 gal), indicate
approaching
set value.
ENRAF™ system; URSILLA system Required
(primary tank density)
grab sample with remote analysis (slurry TBD

viscosity) TBD if required.

0 uoISIASYy
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Table C-5. Monitoring And Control Instrumentation Parameters Needed For 241-AZ Tank Farm
In Support of Phase 1 Feed Delivery.

Setpoints functions

LTD

Tank Monitoring and control instrumentation Range — — Comment/issue
HiHi Hi Lo LoLo
AZ-101 | mixer pump VFD (rotational speed) 0-TBD rpm Required Required -
(cont.) pump/motor
protection
accelerometer with remote indication at 0-TBD mils ) Required-
VFD control station (mixer pump/motor pump/motor
vibration) TBD if required. . protection
In-tank camera with controls and air or 0 to 85 L/min Required
nitrogen purge pressure and flow (0 to 3 scfm)
pressure 1.01 to
5.15kPa
(0 to 60 psig)
turntable drive position indication 0-180°
mass flow meter (slurry transfer) 0-TBD kg/hr . Required-to
indicate
approaching

the set value.

() UOISIASY
1v67-ANH

pressure transmitter with remote indication 1.01 t0 32.0 kPa - Required-
(transfer piping diluent) (0 to 450 psig)
flow totalizer (transfer diluent) Required to
indicate
approaching
set value
pressure transmitter at each end of transfer 1.01 to TBD kPa Required-line
piping with remote indicator and protection &
comparator to indicate
line plug
pressure transmitter with remote indication 1.01 to TBD kPa Required-line
(transfer piping) protection

grab sampler (slurry transfer) N/A
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Table C-5. Monitoring And ControlInstrumentation Parameters Needed For 241-AZ Tank Farm

In Support of Phase 1 Feed Delivery.

Setpoints functions

and indication (tank diluent)

0-TBD

pressure transmitter with remote switch
and indication (raw water)

(0 to 100 psig)

1.01 to 7.81 kPa

Tank Monitoring and control instrumentation Range Comment/issue
HiHi Hi Lo LoLo
AZ-101 | pressure transmitter with remote indication 1.0t 10 32.0 kPa
(cont.} |(transfer pump discharge) (0 to 450 psig)
transfer pump VED controls and indication TBD
(speed)
local accelerometers with remote TBD
indication (transfer pump/motor vibration)
TBD if required.
transfer pump VED controls (motor speed) TBD
T/C or RTD in transfer pump motor, TBD
indication with VFD display
on-line sampler {transfer flush water
chemistry) TBD if required.
flow totalizer with remote indication TBD
(transfer flush water)
AZ-102 | hydrogen analyzer (continuous, on-line CH10-10% H2 | Not required | Required Low or FAIL | Not required
sampling) CH20-1% 12 Required
pressure transmitter (dp or absolute) with -25.4t0 +12.7cm | Required Required Required Required
remote indication/alarm (vapor space) (-10to +5 in. WG)
stack isokinetic probe/control system Stack Flow: Required Required
(exhaust flow) 0 to0 24.7 m/min
(0 to 871 scfm)
Sample Flow: 0 to
57 L/min
(0 to 2 scfi)
pressure transmitter with remote switch Required

0 UOISIADY
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Table C-5. Monitoring And Control Instrumentation Parameters Needed For 241-AZ Tank Farm
In Support of Phase 1 Feed Delivery.

Setpoints functions

Tank Monitoring and control instrumentation Range T Comment/issue
HiHi Hi Lo LoLo
AZ-102 | CAM with interlock to exhaust fan TBD
(cont.)

differential pressure transmitter with TBD chuired Required Required
local/remote indication and interlock with
exhaust fan (HEPA)
conductivity probes set at proper 0-10,000 cps Required Low or Fail
elevations (annulus leak detectors) | leak 2.54 cm (1 in.) Required

and 25.4 cm

(10 in.) in leak

detection pit
RTDs at elevations to give temperature TBD Required Required Required To provide
gradients at various tank levels (primary temperature
tank) gradient information

to protect tank
integrity
raw water tlow totalizer (primary tank) 0-TBD L | Not Required Required
required.

ENRAF™ level system (primary tk.) 0t09.25m Required Required Required

(0 to 364 in.)
trend recorder connected to waste 0-TBD Delta T
temperature monitoring system between set of

TEs (TBD)

pressure and flow transmitters with local 1.01 to 3.42 kPa Temp Hi Press-Low
and remote indication (instrument air (0 to 35 psig) and required Flow-Low
system for air lift circulators) 566 L/min

(20 scfm)

0 HOISIAY
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Table C-6. Monitoring and Control Equipment -Available for 241-AZ Tank Farm in Support of Phase 1 Feed Delivery.

Monitoring and control equipment

Equipment installed?

Equipment planned?

Tank seded References/comments
neede Yes/No EIN or Label Yes/No Project No.
AZ-101 | hydrogen analyzer (continuous, Yes AZ101-SHM-NASH- W-369 ( Dwg No.H-14-
on-line sampling) -| 054 (0 to 10% H2) and 100835.
AZ101-SHM-NASH-
055 (0 t0 1% H2)
pressure transmitter (dp or Yes PIT-AZ10tK1-1 702-AZ (W-030) (Dwg#H-2-
absolute) with remote 131075 sh2)
indication/alarm (vapor space)
stack isokinetic probe/control Yes AE-AZK]1-1 and AE- 702-AZ (W-030) (Dwg#l1-2-
system (exhaust flow) AZK1-2 131078 shl)
pressure transmitter with remote TBD
switch and indication (tank
diluent)
pressure transmitter with remote Yes PT-AZRW-1 Dwg # H-2-131074
switch and indication (raw water) H-2-131348
CAM with interlock to exhaust fan | Yes RAH-AZK]1-1 702-AZ (W-030), Interlocks
I-108 & [-119 from TMACS
(Dwg # H-2131078
differential pressure transmitter Yes PDAH & PDAHH- 702-A7Z (W-030) Interock I-
with local/remote indication and AZK14-1B (1A) & -2B 119 ( Dwg # H-2-131076.
interlock with exhaust fan (HEPA) (2A).
PDAH& PDAHH-
AZK110-1B (1A)
conductivity probes set at proper Yes WFT101-1,&101-2,an H-2-68335 Sh 6

elevations (annulus leak detectors)

PADI101-1 .

0 UOISIASY
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Table C-6. Monitoring and Control Equipmerit Available for 241-AZ Tank Farm in Support of Phase 1 Feed Delivery.

Monitoring and control equipment

Equipment installed?

Equipment planned?

Tank needed References/comments
Yes/No EIN or Label Yes/No Project No.
AZ-101 | RTDs at elevations to give No No At present, there are Type J
(cont.) temperature gradients at various thermocouples (set of three
tank levels (primary tank) thermocouples spaced at 4
in.,14 in.,and 140 in. from
bottom) installed in risers
13B,13C,13D,and 13A. And
another set of three
thermocouples located at 4
in. from bottom in risers
16A, B, and C. This will not
provide temperature gradient
information required during
transfer.
raw water flow totalizer (primary No Yes W-211
tank
ENRAF™ level system (primary Yes Installed by W-151. For
tk.) accuracy purpose during
transfer , CIU will be
required.
trend recorder connected to waste Yes
temperature monitoring system
pressure and flow transmitters Flow- AZ101-SA-FI- No
with local and remote indication. Local XXOI(XX=01 thru22)
(instrument air system for air lift Pressure-
circulators) No
on-line analyzer (continuous) for No No
diluent water chemistry
flow totalizer with remote flow No Yes W-211
indicator (diluent)

0 UOISIAY
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Table C-6. Monitoring and Control Equipment Available for 241-AZ Tank Farm in Support of Phése 1 Feed Delivery.

Monitoring and control equipment

Equipment installed?

Equipment planned?

indication (transfer piping)

Tank needed References/comments
Yes/No EIN or Label Yes/No Project No.
AZ-101 | ENRAF™ system; URSILLA No Yes W-151 CVI#22515,supp 40,41.
(Cont.) | system (primary tank density) ENRAF™ Densitiometer not
planned or bought by W-151.
grab sample with remote analysis N¢ No
(slurry viscosity)
mixer pump VED (rotational No Yes W-151 CVI#22515,supp 32.
speed)
accelerometer with remote No Yes W-151 CVI#22515,supp 32
indication at VFD control station
(mixer pump/motor vibration)
In-tank camera with controls and No Yes W-151 CVI#22515,supp 44
air or nitrogen purge pressure and
flow
turntable drive position indication No Yes W-151 CVI#22515,5upp32.
(part of mixer pump VFD system)
mass flow meter (slurry transfef) No Yes W-211 Not in design yet, Discussion
(TBR) with project Inst. engineer
indicates that this instrument
will be part of design. Must
be verified at design review.
pressure transmitter with remote, No TBR Must be verified for inclusion
indication (transfer piping diluent) in design at design review.
flow totalizer (transfer diluent) No TBR Must be verified for inclusion
in design at design review.
pressure transmitter at each end of | No No
transfer piping with remote
indicator and comparator
pressure transmitter with remote No No

() UOISIAY
1$67-ANH
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Table C-6. Monitoring and Control Equipment Available for 241-AZ Tank Farm in Support of Phase 1 Feed Delivery.

transfer piping with remote

indicator and comparator

—
T . Equipment installed? Equipment planned?
Monitoring and control equipment .
Tank ttoting nee dle dr cquipmen - References/comments
Yes/No EIN or Label Yes/No Project No.,
AZ-102 | pressure and flow transmitters Pressure- | AZ102-SA-FI- No
with local and remote indication No Flow- | XX0I(XX=01 thru 22)
(instrument air system for air lift Local
circulators)
on-line analyzer (continuous) for No No
diluent water chemistry
flow totalizer with remote flow No No
indicator (diluent)
ENRAF™ system; URSILLA No No
system (primary tank density)
grab sample with remote analysis No No
(shurry viscosity)
mixer pump VFD (rotational No Yes w211
speed)
accelerometer with remote No Yes W-211
indication at VFD control station
(mixer pump/motor vibration)
In-tank camera with controls and No Yes W-211
air or nitrogen purge pressure and
flow :
turntable drive position indication No Yes W-211
(part of mixer pump VFD system)
mass flow meter (slurry transfer) No Yes w211
pressure transmitter with remote No Yes W-211
indication (transfer piping diluent)
flow totalizer (transfer diluent) No Yes W-211
pressure transmitter at each end of | No No

0 UOISIAY
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Table C-6. Monitoring and Control Equipment Available for 241-AZ Tank Farm in Support of Phase 1 Feed Delivery.

Monitoring and control equipment

Equipment installed?

Equipment planned?

Tank seded References/comments
neede Yes/No EIN or Label Yes/No Project No.

AZ-102 | pressure transmitter with remote No No

(cont.) indication (transfer piping)
grab sampler (slurry transfer) No No-
pressure transmitter with remote No Yes W-211
indication (transfer pump
discharge)
transfer pump VFD controls and No Yes W-211
indication (speed)
local accelerometers with remote No Yes W-211
indication (transfer pump/motor
vibration)
transfer pump VFD controls No Yes W-211
(direction of rotation and motor
current}
T/C or RTD in transfer pump No Yes W-211
motor, indication with VFD
display
flow totalizer with remote No No
indication (transfer line flush ’
water)
on-line sampler (transfer flush No Yes W-211
water chemistry)

Q UoIsIASY
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Table C-7. Comparison of Process Monitoring and-Control Needs to Available Monitoring and Control Equipment, in 241-AZ
Tank Farm in Support of Phase 1 Feed Delivery.

Monitoring and control

Is existing and planned

Tank | instrumentation/equipm instrumentation Basis for adequacy assessment Comments/issues
ent adequate? (Y/N)
AZ-101 | hydrogen analyzer Yes Existing system has two channels which cover

(continuous, on-line
sampling)

narrow range and wide range.

existing PIT is calibrated for -15.2 to +10.2 cm

pressure transmitter TBD

(dp or absolute) with (-6 to +4 in. WG.) Needs re-calibration of the

remote loop 1o span from 25.4 10 +12.7 cm

indication/alarm (vapor (-10to +5 in WG).

space)

stack isokinetic TBD Existing system is designed for flow variations | If mixer pump/transfer pump operation does not

probe/control system of 11.3 10 28.3 m */min (400 to 1000 scfm). increase exhaust flow of 28.3 m 3/min

(exhaust flow) (1000 scfm), existing system would be adequate.
If flow increases beyond 28.3 m >/min
(1000 scfm), some changes to the systems- such
as verification of isokinetic nozzles, re-calibration
of flow monitoring loop would be required.

pressure transmitter TBD

with remote switch and

indication (tank

diluent)

pressure transmitter Yes existing instrument has adequate range.

with remote switch and

indication (raw water)

CAM with interlock to | TBD existing system design adequate if radiolytic

exhaust fan emission contains beta & gamma only ._

differential pressure Yes Existing system design has adequate

transmitter with
local/remote indication
and interlock with
exhaust fan (HEPA)

instrumentation to indicate HEPA filter
condition.

0 UOISIASY
196C-ANH



0¥-D

Table C-7. Comparison of Process Monitoring and Control Needs to Available Monitoring and Control Equipment in 241-AZ
Tank Farm in Support of Phase 1 Feed Delivery.

Tank

Monitoring and control

Is existing and planned

remote flow indicator
(dilues

instrumentation/equipm instrumentation Basis for adequacy assessment Comments/issues
ent adequate? (Y/N)
AZ-101 |conductivity probes set | Yes Existing system has adequate instrumentation to
(cont.) | at proper elevations detect presence of liquid.
(annulus leak detectors)
RTDs at elevations to existing temperature system is not adequate
give temperature No during mixer pump operation as uniform
gradients at various temperature gradient over the entire length of
tank levels (primary liquid column will be used to determine
tank) completion of mixing operation -
raw water flow TBD '
totalizer (primary tank)
ENRAF™ level system | Yes W-151 is installing ENRAF™ which would give | CIU required to be installed to get accurate level
(primary tk.) better accuracy of level measurement once CIU | measurement for quantity transfer calculations,
is installed to transmit digital signal. ’
trend recorder TBD existing trend recorder system will need re-
connected to waste calibration for temperature gradient data record as
temperature monitoring well as rate of change annunciation
system
pressure and flow TBD Existing system design provides this Need to verify air flow and pressure adequacy to
transtmitters with local information. maintain waste temperature below 93 °C (200 °F)
and remote indication sludge temperature below 110 °C (230 °F) by air
{instrument air system | lift circulator operation. Need to verify operating
for air lift circulators) time and air supply capacity.
and air fift circulator
temperature indication.
on-line analyzer TBD
(continuous) for diluent
water chemistry
flow totalizer with TBD N

0 UOISIASY
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Table C-7. Comparison of Process Monitoring and Control Needs to Available Monitoring and Control Equipment in 241-AZ
Tank Farm in Support of Phase 1 Feed Delivery.

Tank

Monitoring and control
instrumentation/equipm
ent

Is existing and planned
instrumentation
adequate? (Y/N)

Basis for adequacy assessment

Comments/issues

N

AZ-101
(cont.)

ENRAF™ system;
URSILLA system
(primary tank density)

TBD

grab sample with
remote analysis (slurry
viscosity)

TBD

mixer pump VFD
(rotational speed)

TBD

accelerometer with

remote indication at
VED control station
(mixer pump/motor
vibration}

TBD

In-tank camera with
controls and air or
nitrogen purge pressure
and flow

TBD

turntable drive position
indication (part of
mixer pump VFD
system)

TBD

mass flow meter
(slurry transfer)

TBD

pressure transmitter
with remote indication
(transfer piping
diluent)

TBD

flow totalizer (transfer
dituent)

TBD

0 UOISIASY
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Table C-7. Comparison of Process Monitoring and@ Control Needs to Available Monitoring and Control Equipment in 241-AZ
Tank Farm in Support of Phase 1 Feed Delivery. '

Tank

Monitoring and control
instrumentation/equipm
ent

Is existing and planned
instrumentation
adequate? (Y/N)

Basis for adequacy assessment

Comments/issues

AZ-101
(cont.)

pressure transmitter at
each end of transfer
piping with remote
indicator and
comparator

TBD

pressure transmitter
with remote indication
(transfer piping)

TBD

grab sampler (slurry
transfer)

TBD

pressure transmitter
with remote indication
(transfer pump
discharge)

TBD

transter pump VFD
controls and indication
{speed)

TBD

local accelerometers
with remote indication
(transfer pump/motor
vibration)

TBD

transfer pump VFD
controls (direction of
rotation and motor
current)

TBD

T/C or RTD in transfer
pump motor, indication

with VFD display

TBD
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Table C-7. Comparison of Process Monitoring and Control Needs to Available Monitoring and Control Equipment in 241-AZ

Tank Farm in Support of Phase 1 Feed Delivery.

Monitoring and control

Is existing and planned

Comments/issues

Tank | instrumentation/equipm instrumentation Basis for adequacy assessment
ent adequate? (Y/N)

AZ-101 | flow totalizer with TBD

(cont.) remote indication
(transfer line flush
water)
on-line sampler TBD
(transfer flush water
chemistry)
flow totalizer with TBD

remote indication

(transfer flush water)
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Table C-7. Comparison of Process Monitoring and Control Needs to Available Monitoring and Control Equipment in 241-AZ
Tank Farm in Support of Phase 1 Feed Delivery.

Monitoring and controt

Is existing and planned

Tank | instrumentation/equipm instrumentation Basis for adequacy assessment Comments/issues
ent adequate? (Y/N)
AZ-102 | hydrogen analyzer Yes Existing system has two channels which cover

(continuous, on-line narrow range and wide range.

sampling)

pressure transmitter TBD existing PIT is calibrated for -15.2 10 +10.2 ¢cm

(dp or absolute) with (-6 to +4 in. WG). Needs re-calibration of the

remote Toop to span from -25.4 to +12.7 cm

indication/alarm (vapor (-10to +35 in. WG).

space)

stack isokinetic TBD Existing system is designed for flow variations If mixer pump/transfer pump operation doesn’t

probe/control system ot 400-1000 scfm. increase exhaust flow of 28.3 m 3/min

(exhaust flow) (1000 scfm), existing system would be adequate.
if flow increases beyond 28.3 m 3/min
(1000 scfin), some changes to the systems- such
as verification of isokinetic nozzles, re-calibration
of flow monitoring loop would be required.

pressure transmitter TBD

with remote switch and

indication (tank

diluent)

pressure transmitter Yes existing instrument has adequate range.

with remote switch and

indication (raw water)

CAM with interfock to | TBD existing system design adequate if radiolytic

exhaust fan emission contains beta & gamma only._

differential pressure TBD Existing system design has adequate

transmitter with
local/remote indication
and interlock with
exhaust tfan (HEPA)

instrumentation to indicate HEPA filter
condition.

0 UOISIADY
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Table C-7. Comparison of Process Monitoring and Control Needs to Available Monitoring and Control Equipment in 241-AZ
Tank Farm in Support of Phase 1 Feed Delivery.

Monitoring and control

Is existing and planned

Tank | instrumentation/equipm instrumentation Basis for adequacy assessment Comments/issues
ent adequate? (Y/N)
AZ-102 | conductivity probes set Existing system design has adequate
(cont.) | at proper elevations Yes instrumentation to detect presence of liquid.
(annulus leak detectors)
RTDs at elevations to existing temperature system is not adequate
give temperature No during mixer pump operation as uniform
gradients at various temperature gradient over the entire length of
tank levels (primary liquid column will be used to determine
tank) completion of mixing operation
raw water flow TBD :
totalizer (primary tank)
ENRAF™ level system | Yes W-151 is installing ENRAF™ would give better | CIU required to be installed to get accurate level
(primary tk.) accuracy of level measurement once CIU is measurement for quantity transfer calculations.
installed to transmit digital signal,
| trend recorder TBD existing trend recorder system will need re-
connected to waste calibration for temperature gradient data record as
temperature monitoring well as rate of change annunciation
system
pressure and flow TBD Existing system design provides this Need to verify air flow and pressure adequacy to
transmitters with local information, maintain waste temperature below 93 °C (200 °F)
and remote indication sludge temperature below 110 °C (230 °F) by air
(instrument air system lift circulator operation. Need to verify operating
for air lift circulators) time and air supply capacity.
on-line analyzer TBD
(continuous) for diluent
water chemistry
flow totalizer with TBD

remote flow indicator
(diluent)
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Table C-7. Comparison of Process Monitoring and Control Needs to Available Monitoting and Control Equipment in 241-AZ

Tank Farm in Support of Phase 1 Feed Delivery. -

Tank

Monitoring and control
instrumentation/equipm
ent

Is existing and planned
instrumentation
adequate? (Y/N)

Basis for adequacy assessment

Comments/issues

AZ-102
(cont.)

pressure transmitter at
each end of transfer
piping with remote
indicator and
comparator

TBD

pressure transmitter
with remote indication
(transfer piping)

TBD

grab sampler (slurry
transfer)

TBD

pressure transmitter
with remote indication
(transfer pump
discharge)

TBD

transfer pump VFD
controls and indication
(speed)

TBD

local accelerometers
with remote indication
(transfer pump/motor
vibration)

TBD

transfer pump VFD
controls (direction of
rotation and motor
current)

TBD

T/C or RTD in transter
pump motor, indication
with VFD display

TBD
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Table C-7. Comparison of Process Monitoring and Control Needs to Available Monitoring and Control Equipment in 241-AZ

Tank Farm in Support of Phase 1 Feed Delivery.

Monitoring and control | Is existing and planned

Tank | instrumentation/equipm instrumentation Basis for adequacy assessment Comments/issues
ent adequate? (Y/N)
AZ-102 | flow totalizer with TBD
(cont.) remote indication
(transfer line flush
water)
on-line sampler’ TBD

(transter tlush water
chemistry)
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APPENDIX D

VENTILATION SYSTEM PROCESS NEEDS AND ASSESSMENT

Table 4-1 has identified quantitative process needs that must be met in order to enable
tank waste remediation system (TWRS) to adequately deliver appropriate waste feed during
Phase 1 privatization. A pumber of these quantitative process needs are specific to and rely on
specific performance of the ventilation system. The ventilation system must be present to
support feed delivery to the Phase 1 privatization contractor as well as ongoing TWRS
operations during the Phase 1 privatization time frame. For the purposes of this evaluation of
241-AZ tank farm, the ventilation system consists of both the primary ventilation system and
the annulus ventilation system. The quantitative process needs identified in Table 4-1 that
apply to the ventilation system are presented in the sections below. Quantitative safety-related
expectations are presented in Table 4-2.

D.1 VENTILATION SYSTEM EXPECTATIONS

The primary ventilation system must remove heat, air, evaporated water and evolved
gases and particulate from the primary tank. The annufus ventilation system must remove heat
and moisture and sweep the annular space to radiation detectors. The quantitative process
needs that apply to the ventilation system are summarized as part of Table D-1. The safety-
related requirements for the ventilation system are summarized in Table D-2.

D.2 EXISTING AND PLANNED VENTILATION SYSTEM

D.2.1 Previous Aging Waste Facility Primary Ventilation System (241-A—702)

The original design of the 241-A-702 primary ventilation system was an active
ventilation system that provided primary tank ventilation for the four aging waste facility
(AWF) tanks (241-AY-101, 241-AY-102, 241-AZ-101 and 241-AZ-102) and for the
241-AX-152 diverter station. Several other miscellaneous structures (e.g., the 241-AZ-151
and 241-AZ-154 catch tanks) were ventilated indirectly through waste transfer lines. The
primary ventilation system was designed specifically for plutonium-uranium extraction
(PUREX) generated aging waste (or boiling waste), which is exceptionally "hot” both
thermally and radiologically.

D-3
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Table D-1. Comparison of Process Needs to Existing and Planned Equipment for Ventilation in 241-AZ Tank Farm.

Quantitative tank-specific

Existing or planned structure,

Is existing and planned

equipment adequate Basis Comments/issues
process need system or component
(Yes/No)
5.P2.2. HLW: The Primary Ventilation - Maintain Tank Head See comments. Maintain Tank Head Space at

variability of suspended
solids concentrations
should vary <20% (TBR)
over the full depth prior to
sampling and prior to
beginning each feed
transfer.

Air Inlet & Infiltration,
Recirculation Ventilation
Cooling System, Recirculation
Condenser Cooling System,
Ducting, Primary Condenser,
Primary High Efficiency Mist
Eliminator, Primary Heaters, )
HEPA Filter and HEGA
Train, Exhaust Fan, Stack

During mixer pump operation,
provide ventilation air flow to:
1. maintain tank head space at
negative pressure; and

2. remove heat generated”
during mixer pump operation
to homogenize tank contents.

Space at Negative
Pressure - TBD

Remove Heat Generated
During Mixer Pump
Operation to Homogenize
Tank Contents - TBD

Negative Pressure - 1. The
primary ventilation system fans
AZ-K1-5-1A and AZ-K1-5-1B
performance need to be
upgraded to meet the design
condition of 28 m */min

(1000 cfm) at 956 Pa

(32 in. WG) with operation in a
stable portion of the fan pressure
curve (negative sloped portion ot
the pressure curve).

2. Seal off each tank so that inlet
air to the primary tank
headspace flows through the
702-AZ (W-030) installed air
inlet stations giving the
capability to control system flow
rates and achieve greater
negative pressure in the primary
tank.

Remove Heat Generated During
Mixer Pump Operation to
Homogenize Tank Contents -
TBD

0 UOISIASY
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Table D-2. Comparison of Safety-Related Needs to Existing And Planned Equipment For Ventilation in 241-AN Tank Farm.

Is existing and planned
equipment adequate Basis
(Yes/No)

Quantitative tank-specific
process need

Existing or planned structure,

Comments/issues
system, or component

1.81.3. Maintain
flammable gases
concentrations no greater
than 25% of the lower
flammability limit

Primary Ventilation - TBD Calculation F.5.2

Exhaust Fan

Primary ventilation flow rates to
maintain flammable gas
concentrations helow 25% of the
lower flammability limit have
not been completed.

For comparison, the primary
tank flow rate to maintain waste
temperature to 73.9°C (165° F)
is more than ten times the flow
| rate required to maintain
hydrogen concentration below

S-a

25% of LFL except for the
Watch List Tanks.

1.82.3. An active primary | Primary Ventilation - Yes. The existing system is operable.
ventilation system shall be | Ducting, Primary Condenser,
operable for all DSTs and | Primary High Efficiency Mist
AWTs Eliminator, Primary Heaters,
HEPA Filter and HEGA
Train, Exhaust Fan, Stack
1.§7.1. Primary tank Primary Veutilation - Stack [ TBD TBD
ventilation stack CAM
interlock systems shall be
operable when active
ventilation is operating. R
1.88.1. An active primary | Primary Ventilation - TBD TBD

tank ventilation system for
DSTs and AWF tanks shall
be operable.

Air Inlet & Infiltration,
Ducting, Exhaust Fan, Stack

Annulus Ventilation -
Air Inlet, Ducting, Exhaust
Fan, Stack

0 UOISIAY
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Table D-2. Comparison of Safety-Related Needs to Existing And Planned Equipment For Ventilation in 241-AN Tank Farm.

uantitative tank-specific
D
yrocess need

Existing or planned structure,
system, or component

Is existing and planned
equipment adequate
{Yes/No}

Basis

Comments/issues

1.89.1. Either the annulus
conductivity probe system
or the annulus continuous
air monitor system shall be
operable for DSTs and
AWF tanks.

The annulus ventilation
system for 241-AZ is not
currently operating.

Yes

Conductivity probe system is operable

1.510.1. Tank waste
temperature shall be either:
<90.6°C (195°F) in all
levels of the waste; or
£90.6°C {195°F) in the
top4.6 m ( 15 ft) of the
waste and < 102°C
(215°F) in the waste below
4.6 m (15 fi).

Primary Ventilation -
Recirculation Ventilation
Cooling System,
Recirculation Condenser
Cooling System, Ducting,
Primary Condenser, Exhaust
Fan

Provide ventilation air flow
to remove heat generated
during wiste feed delivery
operations.

Yes, based on
preliminary results

See Calculation F.5.1

Upon settling, this solids layer is

expected to rise in temperature
above the bulk temperature of

the solution (i.¢., higher than the
82.8°C [181°F] calculated in the
preliminary calculations). More
detailed analysis will be required

to verify the preliminary
calculations, but the initial

results indicate that the 702-AZ

(W-030) revised AWF
ventilation system will
adequately remove

heat/condensate for mixer pump

operation in one tank and

provide adequate ventilation for

the other three AWF tanks.

0 UOISIASY
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Table D-2. Comparison of Safety-Related Needs to Existing And Planned Equipment For Ventilation in 241-AN Tank Farm.

Quantitative tank-specific
process need

Existing or planned structure,
system, or component

Is existing and planned
equipment adequate
(Yes/No)

Basis

Comments/issues

1.510.2. Waste
temperature shall not
exceed 121°C (250 °F).

Primary Ventilation -
Recirculation Ventilation
Cooling System,
Recirculation Condenser
Cooling System, Ducting,
Primary Condenser, Exhaust
Fan

Provide ventilation air flow
to remove heat generated
during waste feed delivery
operations.

Yes, based on
preliminary results

See Calculation F.5.1

Upon scttling, this solids layer is
expected to rise in temperature
above the bulk temperature of
the solution (i.e., higher than the
82.8°C (181 °F) calculated in the
preliminary calculations). More
detailed analysis will be required
to verify the preliminary
calculations, but the initial
results indicate that the 702-AZ
(W-030) revised AWF
ventilation system will
adequately remove
heat/condensate for mixer pump
operation in one tank and
provide adequate ventilation for
the other three AWF tanks.

2.51.1. Maintain tank
headspace flammable gases
concentrations no greater
than 25% of the lower
flammability limit.

Primary Ventilation -
Exhaust Fan

TBD

Calculation E.5.2

Primary ventilation flow rates to
maintain flammable gas
concentrations below 25% of the
lower flammability limit have
not been completed.

For comparison, the primary
tank flow rate to maintain waste
temperature to 73.9°C (165°F)
is more than ten times the flow
rate required to maintain
hydrogen concentration below
25% of LFL except tor the
Watch List Tanks.

0 UOISIAY
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Table D-2. Comparison of Safety-Related Needs to Existing And Planned Equipment For Ventilation in 241-AN Tank Farm.

Quantitative tank-specific
process need

Existing or planned structure,
system, or component

Is existing and planned
equipment adequate
(Yes/No)

Basis

Comments/issues

5.81.1. Tank waste
temperature shall be either:
<90.6°C (195°F) in all
levels of the waste; or
<90.6°C (195°F) in the
top 4.6 m (15 ft) of the
waste and <102°C
(215°F) in the waste below
4.6 m (15 f1).

Primary Ventilation -
Recirculation Ventilation
Cooling System,
Recirculation Condenser
Cooling System, Ducting,
Primary Condenser, Exhaust
Fan

Provide ventilation air flow
to remove heat generated
during waste feed delivery
operations.

Yes, based on
preliminary results

See Calculation F.5.1

Upon settling, this solids layer is
expected to rise in temperature
above the bulk temperature of
the solution (i.e., higher than the
82.8°C (181 °F) calculated in the
preliminary calculations). More
detailed analysis wilt be required
to verify the preliminary
caleulations, but the initial
results indicate that the 702-AZ
(W-030) revised AWF
ventilation system will
adequately remove
heat/condensate for mixer pump
operation in one tank and
provide adequate ventilation for
the other three AWF tanks.

5.81.2. Temperature ~
changeover time for
solutions in tanks shall be
<5.5°C (10 “Fy/hr
(<52°C [125 °F]) or
<11°C (20 °F) /day
(>52°C[125 °F))

Primary Ventilation -
Recirculation Ventilation
Cooling System,
Recirculation Condenser
Cooling System, Ducting,
Primary Condenser, Exhaust
Fan ’

Provide ventilation air flow
to remove heat generated
during waste feed delivery
operations.

Yes, based on
preliminary results

See Calculation F.5.1

Upon settling, this solids layer is
expected to rise in temperature
above the bulk temperature of
the solution (i.e., higher than the
82.8°C (181°F) calculated in the
preliminary calculations). More
detailed analysis will be required
to verify the preliminary
calculations, but the initial
results indicate that the 702-AZ
(W-030) revised AWF
ventilation system will
adequately remove
heat/condensate for mixer pump
operation in one tank and
provide adequate ventilation for
the other three AWF tanks.

0 "oISIASY
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Table D-2. Comparison of Safety-Related Needs to Existing And Planned Equipment For Ventilation in 241-AN Tank Farm.

Quantitative tank-specific
process need

Existing or planned structure,
system, or component

Is existing and planned
equipment adequate
(Yes/No)

Basis

Comments/issues

5.51.3. Temperature
gradients of solution in
tanks shall be <100°C (55
°F)/ft within the solution
and at the solution/vapor
interface

Primary Ventilation -
Recirculation Ventilation
Cooling System,
Recircutation Condenser
Cooling System, Ducting,
Primary Condenser, Exhaust
Fan

Provide ventilation air flow
to remove heat generated
during waste feed delivery
operations.

Yes, based on
preliminary results

See Calculation F.5.1

Upon settling, th
expected to rise in temperature
above the bulk temperature of
the solution (i.¢., higher than the
82.8°C (181 °F) calculated in the
preliminary calculations). More
detailed analysis will be required
to verify the preliminary
calculations, but the initial
results indicate that the 702-AZ

(W-030) revised AWF

ventilation system will
adequately remove
heat/condensate for mixer pump
operation in one tank and
provide adequate ventilation for
the other three AWF tanks.

olids Tayer is

10.5S1.1. Tank waste
temperature shall be either:
<90.6°C (195°F) in all
levels of the waste; or
<90.6°C (195°F) in the
top 4.6 m (15 ft) of the
waste and < 102°C
(215°F) in the waste below
4.6 m (15 fi).

Primary Ventilation -
Recirculation Ventilation
Cooling System,
Recirculation Condenser
Cooling System, Ducting,
Primary Condenser, Exhaust
Fan

Provide ventilation air flow
to remove heat generated
during waste feed delivery
operations.

Yes, based on
preliminary results

See Calculation F.5.1

Upon settling, this solids layer is
expected to rise in temperature
above the bulk temperature of
the solution (i.e., higher than the
82.8°C (181 °F) calculated in the
preliminary calculations). More
detiiled analysis will be required
to verify the preliminary
calcutations, but the initial
results indicate that the 702-AZ
(W-030) revised AWF
ventilation system will
adequately remove
heat/condensate for mixer pump
operation in one tank and
provide adequate ventilation for
the other three AWF tanks.

0 uoIsIASy
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Air was introduced into an AWF tank headspace through air lift circulators and air
purge instruments. Also, outside air was drawn into the tank through pit cover blocks and
risers due to the vacuum created by the exhaust blower. Two 113-o/min (4,000-cfm)
exhausters (blowers) operated one at a time to draw the gases through a particle and condensate
removal system before discharging the gases to the atmosphere. Vapor was exhausted to the
K1-5-1 deentrainer. After passing through the deentrainer, the vapor was routed to the
241-A-401 Surface Condenser Building. Three condensers (two in operation at a time) for
removing moisture from the exhaust system were located in this building. The offgases from
the three surface condensers were vented through a second deentrainer (K1-5-2A) before
entering the 241-A-702 Ventilation Building. The vapor stream then continued into the K1-3-1
steam heater housing before reaching the filter banks. Twelve high-efficiency particulate air
(HEPA) filters, in six banks, simultaneously filtered the exhaust air flowing through the 241-
A-702 Primary Ventilation System. After filtration the vapor was discharged by the blower
into the atmosphere via the stainless steel exhaust stack. A continuous air monitor (CAM)
monitored effluent radioactivity levels, and a record sampler collected representative samples
before the vapor stream was discharged to the atmosphere.

D:2.2 Modification to Aging Waste Facility Primary Ventilation System through Project
W-030 (241-AZ-702)

The original AWF primary ventilation system was modified by Project 702-AZ
(W-030) by incorporating several changes. The primary tank ventilation system contains
individual controlled air inlets and a common ventilation off-gas exhaust for the four AY and
AZ Tank Farm waste tanks (241-AY-101, 241-AY-102, 241-AZ-101, and 241-AZ-102). The
Individual tank air inlet consists of a heater, pre-filter, HEPA filter, flow control valve,
manifolded into a common exhaust stream and then cooled and filtered prior to being

"éxhausted to the atmosphere through a stack. The filter/fan train is redundant to maintain tank
pressures during anticipated maintenance or accidental component failure.

Process ventilation is required to maintain a negative pressure in the waste storage
tanks of approximately 1010 to 1005 Pa (-1 to -3 in. WG) to provide cooling and to dilute any
potentially flammable gases. Instrumentation is provided at each tank to monitor and control
pressure. A negative pressure in the tank is controlled by operating a control valve on the air
inlet systems.-

Each tank is provided with a heated, HEPA filtered air inlet system. The air inlet
system is provided with a vacuum relief valve to protect the tanks from unexpected high.
negative pressure.

A recirculation ventilation cooling system is provided for each waste tank to help
reduce emissions and remove heat generated in the tanks. The cooling equipment is located in
concrete vaults and includes a condenser, moisture separator and recirculation fan for each
system. The vaults are reinforced concrete structures with equipment access from the top and

D-10
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personnel access through a door.

The recirculation ventilation cooling system draws approximately 14.2 m*/min
(500 scfm) of process gas from the waste tank with the recirculation fan, and returns from O to
113 m3/min (0 to 400 scfm), depending on the tank heat load. The remaining tank vapor from
2.83 to 14.2 m*/min (100 to 500 scfm) is exhausted through the primary tank ventilation
system. The inlet to the recirculation fan is provided with a moisture separator to protect it
from erosion. The 14.2 m’/min (500-scfm) flow through the shell side of the condenser is
sufficient to remove approximately 257 kW (878,000 Btu/hr) at a tank off-gas temperature of
88.9°C (192°F). (For condenser AZ101-K4-8-1 it is approximately 440 kW [1.5 M Btu/hr] at
a tank off-gas temperature of 96.1°C [206°F].) The heat is rejected with a closed-loop
evaporative cooling tower to the atmosphere.

The recirculation condenser cooling system consists of an evaporative fluid cooler, two
circulation pumps, an expansion tank, an air separator, and instruments for monitoring the
closed loop cooling system. The cooling medium used is 40 percent by volume propylene
glycol mixture that is circulated between the evaporative fluid cooler and the recirculation
condenser.

‘When the tank off-gas temperature is sufficiently low the condenser cooling ceases to
occur, the recirculation ventilation cooling system is bypassed.

When the waste tank mixer pumps are placed in operation, valves for that tank are
aligned for high-heat mode and the inlet airflow out of the tank is increased from 100 scfm to a
‘maximum of 14.2 m3/min (500 scfm).

The combined exhaust stream from all four tanks flows through condenser AZ-K1-81
where it is cooled t0 4.4°C (40 °F) and then through the HEME to eliminate any water droplet
carry over into the filter system. The condensate from the condenser and HEME drains to a
seal pot and that drains into a condensate tank.

Upon exiting the HEME, the gas stream is heated by electric heaters to protect the
HEPA and HEGA filters downstream from the effects of high humidity conditions (wetting and
possible blow out of the filters).

Each heater system and an associated filter bank are contained in a train. The operating
heater is determined by which filter bank is operating. Normally, one train will be in
operation while the second train is in standby. Each bank consists of two HEPA filters and a
Charcoal Adsorber (HEGA). Instrumentation is provided for each bank to monitor pressure
differential across each stage and temperature downstream of each bank. The system shuts
down and switches over to the standby train upon high differential pressure across any stage of
the filter train, upon heater failure, or when the heater high temperature set point is tripped.
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The ventilation gas stream, after passing through one of the two filter banks, is
exhausted by one of two exhaust fans up the exhaust stack to the atmosphere. One fan is in
standby while the operating fan maintains a vacuum on the four storage tank vapor spaces.

Instrumentation is provided for each fan to monitor speed, inlet damper, outlet damper
and backdraft damper position status. Controls are provided to operate the fan while providing
status via current monitoring.

The exhaust stack is external to the ventilation building and extends 16.8 m (55 ft)
above the ground. The stack provides the point of discharge for the primary tank ventilation
system. The primary exhaust air stream is sample for the particulate and iodine, and is
monitored for beta/gamma radioactivity at the exit duct prior to discharge via the stack. The
exhausted air stream is also monitored for flow.

For a more detailed description of how the 702-AZ (W-030) ventilation upgrades are
designed to perform refer to HNF-1903, “Project 702-AZ (W-030) Tank Farm Ventilation
Upgrade System Descriptions”.

D.2.3 Existing Aging Waste Faciljty Annulus Vehtilation System

The annulus system for the 241-AZ tanks is a combined system for both tanks. At this
time the annulus system is not operational and leak detection for the primary tank is provided
by conductivity probes in the tank annulus. Next year plant maintenance plans to restore the
system to operation under its original configuration (one for one replacement of failed
ecomponents). It is not known at this time if the Project W-151 mixer pump tests will require a
functional annulus exhaust system or if the system will be functional to support the testing.

D.3 COMPARISON OF EXISTING AND PLANNED EQUIPMENT TO
EXPECTATIONS

D.3.1 Primary Ventilation Exhaust Fan

Suspension of solids within the Aging Waste Facility tanks is provided by operation of
mixer pumps. The mixer pumps generate heat which in turn increases water and particulate
generation. The ventilation system must be adequately sized to accommodate the tank mixing
operations during Phase 1 privatization feed delivery by removing heat, particulate, and water
while maintaining vacuum within the tank headspace. Table D-1 identifies that the existing
primary ventilation exhaust fan is not adequate to provide the necessary level of vacuum and
too much air in leakage is occurring into the Aomg Waste Facility tanks to allow control of the
ventilation flows through each tank.
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The primary ventilation fans in the 702 AZ Building, AZ-K1-5-1A and AZ-K1-5-1B,
performance has been reviewed against Project 702-AZ (W-030) design requirements. The
"Results and Conclusions" for Calculation 702-AZ (W-030)-23, "Primary Ventilation Exhaust
Fan Capacity" specified 1093 Pa (32 in. WG) @ 28.3 m/min (1000 cfm) maximum and
1050 Pa (15 in. WG) @ 11.3 m/min (400 cfm) minimum. Procurement Specification W-030-
P3 "Primary Ventilation Air Clean-up Trains," paragraph 3.1.5, specifies fan design
conditions are: '

Normal Operation -
Min flow: 11.3 m>/min (400 cfm) 400 scfm @ 1050 Pa (15 in. WG)
Max flow: 28.3 m>/min (1000 cfm) @ 1093 Pa (32 in. WG)

Vendor Information for Project 702-AZ (W-030), 0022525 supplement 113, Ellis &
Watts, Air Clean-up Train has a subset of data supplied by American Fan with the following
pertinent data:

1. Quality Assurance Final Inspection Centrifugal Fan: motor 20hp Westinghouse
1755 RPM and running RPM = 3600 for one fan and 3590 RPM for the other
with a vibration analysis at both speeds. '

2. Certificate of Analysis and Tests, 18.0 American Fan for R13-303-3575-195
(pressure curves) . )

TB-8996 @ 2685 RPM (1050 Pa [15 in. WG] @ 19.8 nt/min [700 cfm])
TB-8998 @ 3895 RPM (1093 Pa [32 in. WG] @ 28.3 n¥/min {1000
cfm]) )

It appears the variable speed control on the 1800 RPM 15 kW (20 HP) motor limits the fan

speed to 3600 RPM and it is estimated that the fan would operate at approximately 1080 Pa

(27 in. WG) @ 26.2 m*/min (925 cfm) which is below the design point of 1093 Pa (32

in. WG) @ 28.3 m/min (1000 cfm).

The following is referenced from "Fan Engineering," published by Buffalo Forge Co.:
The fan should be selected on the negatively sloping portion of the pressure curve and adequate
margin should be provided so that a disturbance will not force the fan to operate at the peak.
If the fan is forced to operate on the positively sloping portion of the pressure curve, instability
may result accompanied by changes in pressure power and noise. In discussion with Mark
Fritzjerld from the American Fan Co., he confirmed that this model fan should only be
operated on the negative sloped portion of the pressure curve. Review of the performance data
indicates that the primary ventilation system fan operates on the positive sloped portion of the
pressure curve and the system design performance requirement is at the peak of the curve
(3895 RPM) and is not attainable since the fan maximum speed is 3600 RPM.

‘For the AWF to meet the design and performance requirements for Project 702-AZ
(W-030) the fan and drive apparatus will require design modifications. These modifications
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are currently being reviewed by the PHMC. The primary ventilation system fans AZ-K1-5-1A
and AZ-K1-5-1B performance need to be upgraded to meet the Procurement Specification W-
030-P3 fan design condition of 28.3 m’/min (1000 cfm) at 1093 Pa (32 in. WG) with operation
in a stable portion of the fan pressure curve (negative sloped portion of the pressure curve).

D.3.2 Primary Ventilation System Filter Train

During operation of the 702-AZ (W-030) upgraded system there have been two
instances where the filter plenum housings have had moisture collection problems. When the
system initially started up the sealpot drain line tie in at 241-151-AX catch tank was blocked
and liquid flooded the sealpot and backed up into the filter plenum housings. The next time
moisture collected in the filter plenum housings the condenser and HEME in the 702-AZ
building were operated in a by-pass mode and after 4 days approximately 132 1 (35 gal) had
accumulated in the housing. The operations engineers stated there was no time for planned
outages of the condenser and HEME because of the flooding problem and a redundant system
(condenser and HEME or just HEME) would be desired. Additionally, the primary ventilation
system HEPA and HEGA filter plenums are not in compliance with ANSI N509, Section
5.6.2. "The drain system shall be designed so that no unacceptable backup of liquids into the
housing will occur" and "Each housing compartment shall have floor drains which meet all
allowable air leakage criteria.” - Both filter housings should have drain capability added for all
compartments.

D.3.3 Equipment Installation and Removal from Aging Waste Facility Tanks
Equipment (thermocouple tree, transfer pumps and mixing pumps) will require
installation or removal from the DST which will create openings in the DST dome to
atmosphere during this operation. To insure the containment of the DST vapors, a negative
pressure in the tank dome needs to be maintained. The largest riser in the DST dome is 1.07 m
(42 in.) in diameter which has an area of 0.89 nt (9.6 ft?) open to the atmosphere. The
existing ventilation system may not have enough capacity to insure that the tank dome can be
maintained at a negative pressure and perform all its other functions for the other three tanks in
the system.

The recirculation module for each AWF tank has two 20-cm (8-in.) connections and
required valving options to install a portable exhauster to-increase the ventilation flow in
conjunction with the existing ventilation system capacity and a negative pressure is expected to
be maintained in the primary tank dome. Verification needs to be performed ot existing
documentation substantiated to assure how the ventilation system will be configured to
maintain a negative pressure in the tank dome during equipment change out.
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D.3.4 Slurry Distribution

An evaluation was performed by J.R. Kriskovich, on the slurry distribution in
241-AY-101 and its affects on the AWF ventilation system, Slurry Distributor Affects on
Véntilation System (Kriskovich 1998). The conclusions were: )

. Primary tank dome vapor space can be maintained at a negative pressure during
slurry distributor operation.

. Aerosol/moisture removal was achieved.

. Higher radiation in the re-circulation module was occurring due to
aerosol/moisture settling out in piping, ductwork and equipment.

The report concluded in order to reduce the radiation buildup in the re-circulation
modules a dropleg or some other method of transferring directly into the tank contents is
recommended over the current practice of using a slurry distributor. Use of slurry distributor
as delivery point of waste being transferred into an AWF DST tank should be abandoned and
an evaluation of alternate delivery methods for transferring waste into the tank should be
pursued (minimization of aerosol distribution into the tank vapor space) (Kriskovich 1998
Draft). .

D.3.5 Annulus Ventilation System

! The annulus system for the 241-AZ tanks is a combined system for both tanks. At this
time the annulus system is not operational and leak detection for the primary tank is provided
by conductivity probes in the tank annulus. Next year plant maintenance plans to restore the -
system to operation under its original configuration (one for one replacement of failed
components). It is not known at this time if the Project W-151 mixer pump tests will require a
functional annulus exhaust system or if the system will be functional to support the testing.

D.3.6 Air In Leakage and Vacuum Control

The primary tank air inlet stations are not now in operation and are valved shut. The
inlet air is from air lift circulation (if operating) and outside air drawn into the tank through pit
cover blocks, risers or uncapped transfer lines that are open to other sources such as the
241-AX-152 diverter station. If the in leakage air can be controlled to a minimal amount then
the 702-AZ (W-030) primary tank air inlet stations can be utilized in the overall ventilation
control. Sealing off each tank so that inlet air to the primary tank headspace flows through the
702-AZ (W-030) installed air inlet stations woulld give the capability to control system flow
rates and achieve greater negative pressure in the primary tank.
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D.3.7 Thermal Analysis of Tank 241-AZ-101 Waste Removal

A preliminary thermal analysis (Appendix E-1) of tank temperature rise with mixer
pump operation in tank AZ-101 predicts a final temperature of 82.8°C (181°F) after 138 hours
of ‘operation associated with the first transfer to the private contractor. The waste temperature
prior to mixer pump operation was 65.6°C (150°F) with 88 kW (300,000 BTU/Hr)
radionuclide heat generation from the waste, anmulus flow rate of 22.7 ne/min (800 scfm) and
primary ventilation flow rate of 14.2 m®/min (500 scfm). This preliminary calculation does
not account for temperature profiles within the non-convective layer of solids at the bottom of
the tank. Upon settling, this solids layer is expected to rise in temperature above the bulk
temperature of the solution (i.e., higher than the 82.8°C [181°F] calculated in the preliminary
calculations). '

More detailed analysis will be required to verify the preliminary calculations, but the
initial results indicate that the 702-AZ (W-030) revised AWF ventilation system will

adequately remove heat/condensate for mixer pump operation in one tank and provide adequate
ventilation for the other three AWF tanks.

D.4 REFERENCES
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Appendix D, Attachment 1: Assessment of In-Tank Concentration of NCAW Supernate

In tank concentration of the Neutralized Current Acid Waste (NCAW) in tanks
241-AZ-101 and 241-AZ-102 to approximately 5.0 M Sodium may be desired. The duration
of toncentration of the waste must be compatible with the Waste Feed Delivery Schedule for
the Vitrification Plant. Concentration of this waste would serve two purposes: to provide
additional usable DST storage space and to provide the private contractor a better waste feed.
Concentration would be performed through removal of evaporated supernate (water vapor)
using the tank ventilation system. The ventilation system uses condensers to remove moisture
from its exhaust stream. This condensed liquid would then be collected in a Catch Tank.

On March 20, 1998, a new ventilation system (702-AZ) for the AWF was placed into
service. The old system (702-A) ventilated all four tanks in the AWF in a once through
fashion, in other words, the system had no recirculated air. The flow rate was approximately
14.2 m3/min (500 SCFM) per tank through the exhaust stack. The new ventilation system also
ventilates all four AWF tanks. This system recirculates 80 percent (11.3 m/min [400 CFM])
of the airflow through the tank and exhausts 20 percent (2.83 P/min [100 CFM}) per tank
through the stack. The new system is not as efficient at removing evaporated condensate from
the tank due to the reduced air removal rate from the tank and because the condensate in the
recirculation system is returned to the tank it was removed from. The 20 percent that is
exhausted is routed through the system condenser and the condensate is transferred to the
AZ-151 Catch Tank where it is stored.

) Condensate removed by the 702-AZ system is currently collected at Catch Tank
AZ-151. At present, there is one RCRA compliant route from Catch Tank AZ-151 and it
routes the condensate back into the 241-AZ tank farm. If concentration of the waste in both
AZ-101 and AZ-102 is desired, a new, RCRA compliant route from Tank AZ-151 to another
tank farm may be required. '

Condensate could be transferred to Tank AY-101 via the following route: Catch Tank
AZ-151 to AZ-152 and AZ-152 to AX-155, although there are a number of concerns. This
transfer would be routed through two lines that are presently considered RCRA non-compliant.
Line V-719 is a pipe-in-pipe line from AZ-152 to AX-155. The transfer from AX-155 to
AY-101 could be performed through either of two lines, 4603 or 4506, neither of which are
RCRA-compliant. Presently, plans were to make Tank AX-152 inactive. In order for this
transfer to occur two new jumpers will have to be designed, constructed, tested and installed.
The first jumper would be installed between Nozzles L1 and U4 at Catch Tank AZ-152. The
second jumper would be installed between Nozzles U-13 and U-3 in AX-155. Additionally,
Tank AX-152 would have to remain active as a Catch Tank for AX-155 in order to allow these
transfers. The Project Hanford Management Company position on these lines is that they may
be used as long as non-RCRA material being transferred through them. It is also PHMCs
position that condensate is a non-RCRA waste (RCRA Integration Team, 1996).

A new line could be designed, constructed, tested and installed between Catch Tank
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AZ-151 and tank 241-AY-101 to allow condensate removal from tanks 241-AZ-101 and
241-AZ-102. However, this option would likely be non-cost effective.

Liquid levels in tanks 241-AZ-101 and 241-AZ-102 are monitored on a daily basis.
Liquid level decline in the 241-AZ tank farm can be attributed entirely to evaporation (Tardiff
1998). A distinct change in the liquid level trend for tank 241-AZ-101 occurred from 1/1/98
to 5/31/98 due to tow distinct operational phases. The first being the 702-A system operational
phase. The decline in liquid level for this time frame is nearly constant. The second phase is
from the initial startup of 702-AZ to the present. Once again the decline in liquid level has a
nearly constant slope, however, the slope is less steep. Therefore, the system has a lower
efficiency at vapor removal than the 702-A system. The decline in liguid level is quite
constant in this case with the exception of a condensate transfer to the tank on 2/25/98. The
second phase is during the 702-AZ operational phase, 3/20/98 to present. This region can be
broken down into five subregions. The first region is a fairly constant decline in liquid level in
the tank. The data indicates the liquid level declines at a slower rate using the 702-AZ system
than the 702-A system. The next four subregions are similar in nature and are summarized as
follows:. a condensate waste transfer from Catch Tank AZ-151 to tank 241-AZ-102 followed
by a slow decline in liquid level in the tank due to evaporation ending with the next condensate
transfer into the tank. Refer to Appendix F.5.3 for depictions of these phenomena. These
graphs allow determination of an evaporation rate per unit time. This is an important
parameter which will allow determination of the feasibility of concentration of waste by
evaporation. ’

At present, tank 241-AZ-101 contains 4.78 M Sodium concentration. The tank
currently contains 3077 m> (813,000 gal) of supernate and 132 m? (35,000 gal) of sludge
(Refer to calculations in Appendix F). The heat load is estimated to be 76.2-89.7 kW
(260,000-306,000 Btu/hr) (Interoffice Memorandum 74650-97-013). It is desirable to deliver
the waste at 5.0 M sodium. Calculations performed based on data collected (Refer to
Appendix F) show at the average current rate of evaporation using the 702-AZ system it will ’
take approximately 31.2 months to concentrate the supernate to 5.0 M, assuming that Catch
Tank AZ-151 nor any other waste will be transferred into 241-AZ-101.Presently, tank
241-AZ-102 contains 2.36 M Sodium concentration (Refer to calculations in Appendix F.5.3).
The tank currently contains 2964 m® (783,000 gal) of supernate and 359.6 mr (95,000 gal) of
sludge. The current heat load is estimated to be 49 kW (168,000 Btu/hr) (Interoffice
Memorandum 74650-97-013). It is desirable to deliver the waste at 5.0 M sodium.
Calculations performed based on data collected (Refer to Appendix ??) show at the current
average rate of evaporation using the 702-AZ system it will take approximately 1500 months to
concentrate the supernate to 5.0 M assuming that Catch Tank AZ-151 nor any other waste will
be transferred into AZ-102.

The present evaporation rate in tank 241-AZ-101 may be acceptable. However, at
present the liquid level in the tank must remain above 7.82 m (308 in.) to allow mixer pump
testing. This testing is scheduled to complete sometime in Fiscal Year (FY) 2000. At the time
of completion concentration activities may begin. A possible solution to allow higher
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evaporation rates in 241-AZ-101 is to run the mixer pumps intermittently after testing has been
successfully completed. The mixer pumps produce a great deal of heat (403 kW

[1,375,000 Bw/hr]). Assuming one hundred percent of the heat generated went to evaporation
and the mixer pumps were allowed to operate six hours a day (during the lifetime of
concentration) the 241-AZ-101 supernate would be concentrated 2.12 times faster
(approximately 15.5 months). This operation should be monitored closely to ensure none of
the Safety Limits or Limiting Conditions of Operations are violated. Another alternative
would be to run the system in bypass mode, i.e. without the recirculation system operating.
The tank could then be evaporatively concentrated in approximately 6 months. Finally, if the
mixer pumps were to be run without the recirculation system operating 241-AZ-101 supernate
could be concentrated to 5.0 M Sodium a little less than 3 months.

The present evaporation rate in tank 241-AZ-102 is not acceptable. A possible solution
to allow higher evaporation rates would be to return the 702-A system to service for tank
241-AZ-102 only. The 702-AZ system would need to be valved off from the tank. Using the
collected Data and calculations shows the tank can be concentrated to 5.0 M in approximately
49 months (Refer to Appendix F.5.3). Another concern is that the condensate collected at the
702-AZ system is only routed into the 241-AZ tank farm. At present, this condensate is
transferred to tank 2241-102-AZ. Therefore, dilution not concentration is occurring, which
leads to even longer evaporation times.
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APPENDIX E

SAMPLING SYSTEM PROCESS NEEDS AND
ASSESSMENT

(Reserved)
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APPENDIX F

CALCULATIONS AND ANALYSES

CALCULATIONS AND ANALYSES DEVELOPED FOR THE TECHNICAL BASES
OF PROCESS NEEDS PRESENTED IN TABLE 4-1

F.1.1 Sodium Removal Efficiency: Phase 1 Low Activity Waste Feed Delivery
F.1.2 Removal of Flammable Gases Retained in Waste
F.1.3 Use of Inhibited Flush Water
F.1.4 Calculation of Solids Deposition Velocity
F.1.5 Calculation of NPSHa for Mixer Pump Operation
F.1.6 Reserved
F.1.7 Reserved
F.1.8 Reserved
F.1.9 Reserved )
F.1.10 Adjustment of Tanks 241-AN-102 and 241-AN-107 Waste To Meet Corrosion
Specifications
F.1.11 Transfer Line Heating
F.1.12 Decant Pump Adjustable Inlet (TBP)
- F.1.13 Reserved )
F.1.14 Reserved
F.1.15 Reserved
F.1.16 Reserved
F.1.17 Transfer Line Flush Volumes
F.1.18 Reserved
F.1.19 Flush Water System Configuration (TBP)
F.1.20 Reserved
F.1.21 Reserved

CALCULATIONS AND ANALYSES DEVELOPED FOR THE TECHNICAL BASES
FOR ADEQUACY OF WASTE PREPARATION AND TRANSFER SYSTEMS
PRESENTED IN APPENDIX A

F.2.1
F22
F23
F2.4
F.2.5

Calculation of Operating Transfer Rates
Calculation of Transfer Line Water Hammer
Reserved

Reserved

Reserved

CALCULATIONS AND ANALYSES DEVELOPED FOR THE TECHNICAL BASES
FOR ADEQUACY OF UTILITY DISTRIBUTION SYSTEM PRESENTED IN
APPENDIX B
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F.3.1 Electrical Distribution System - DAPPER Maode! Results (To Be Produced)

CALCULATIONS AND ANALYSES DEVELOPED FOR THE TECHNICAL BASES
FOR ADEQUACY OF INSTRUMENTATION, MONITORING AND CONTROL
SYSTEM PRESENTED IN APPENDIX C

F.4.1 Assessment of Available Tank Camera Systems

CALCULATIONS AND ANALYSES DEVELOPED FOR THE TECHNICAL BASES
FOR ADEQUACY OF VENTILATION SYSTEM PRESENTED IN APPENDIX D

F.5.1 241-AZ Farm Ventilation Thermal Analysis Model Results

F.5.2 241-AZ Farm Minimum Ventilation Flow Rate to Remove Flammable Gas (To
be produced)

F.5.3 241-AZ Farm Mist Generation and Effect to Tank Vacuum During Mixer Pump
Operation (To be produced)

CALCULATIONS AND ANALYSES DEVELOPED FOR THE TECHNICAL BASES
FOR ADEQUACY OF SAMPLING SYSTEM PRESENTED IN APPENDIX E

F.6.1 Reserved
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F.1.1 SODIUM REMOVAL EFFICIENCY:

PHASE 1 LOW ACTIVITY WASTE FEED DELIVERY



HNF-2941

Revision 0
- DESIGN CALCULATION
(1) Drawing N/A (2) Doc No._HINF-2938 (3)Page_1 _ of5
(4) Building N/A ' (5) Rev. 0 (6) Job No._IN/A
(7) Subject Sodium Removal Efficiency: Phase 1 Low Activity Waste Feed Delivery
(8) Originator_A. B. Garlson Date _07/13/1998
) Checker_B.B. Betecs . . Date i)l

(10) Objective: Determine the percentage of sodium existing in the low-activity waste feed tanks
which must be delivered in solution in order to meet low activity waste feed delivery
requirements. '
Design inputs: )
1. Total sodium to be delivered during phase 1 privatization is 6 000 metric tons sodium
calculated as Envelopes A + B + 1.15*C.
2. Initial batch will contain 300 to 600 metric tons sodium of waste and may be transferred alon0
with the privatization contractor’s feed tank
3, Additional batches shall be larger than 100 metric tons sodium.
4. Top-off transfers may occur once space is available in the private contractor’s feed tank. The
_ top-off transfers may be completed 30 days after the waste transfer date.
5. The objective is to transfer as much retrievable material from each source tank as possible
" during feed delivery. The minimum order quantmes shall be delivered in the following
sequence:
Envelope C = 500 to 1300 metric tons sodxum .
Envelope A = 750 to 1200 metric tons sodium
Envelope C = 500 to 1300 metric tons sodium
Envelope A = 1410 to 3700 metric tons sodium
Envelope B = 400 metric tons sodium previously pretreated feed
Other constraints
_ Envelope A + 1.15*C = 5600 metric tons sodium
Envelope C < 1900 metric tons sodium
6. Deliver up to 1100 metric tons sodium per year
7. Transfers shall occur no more frequently than once every 30 days per 100 metric tons of
sodium delivered. )
8. Envelopes A and B: maximum total organic carbon (TOC) increased to 0.5 mole TOC/mole
sodium.
9. Envelopes A, B, and C: maximum aluminum increased to 0. 25 mole aluminum/mole sodivm.
10. Envelope A: maximum sulfate (SO,?) increased to 0.01 mole sulfate/mole sodium.
11. For feed staging purposes only, assume that corrosion inhibitors are not added to the tanks.
12. The equivalent Cs-137 concentration in all of the transferred feed shall be less than 6
Ci/gallon.
13. Envelope A, B, and C limits only apply to the soluble fraction of the low activity waste feed.
14. The insoluble fraction for the low activity waste feed is limited to 2 wit% (dry basis).
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(1) Drawing N/A (2) Doc No. HNF-2938 _ (3)Page_2__of5
(4) Building_N/A (5) Rev. 0 (6) Job No._IN/A
(7) Subject Sodium Removal Efficiency: Phase 1 Low Activity Waste Feed Delivery
(8) Originator_A. B. Carlson Date _07/13/1998
(9) Checker, i Date
15. The sequence of ténks, envelope,quantities and sources of available sodium are as follows:
Tank Envelope Quantity Source
241-AN-107  C 620 metric tons sodium liquid phase
241-AN-105 A 1090 metic tons sodium entire tank
241-AN-102  C 1060 metric tons sodium liquid phase
241-AN-104 A 1100 metric tons sodium entire tank
. 241-AW-101 A 991 metric tons sodium entire tank
241-AN-103 ~ A 1234 metric tons sodium entire tank
241-AP-108 B 556 metric tons sodium entire tank
Sources:

1. Design Inputs 1-14, Taylor 1998, Letter 98-WDD-062, W J. Taylor, RL toR. F Green,
" FDH, Contract No. DE-AC06-96R113200 - Evaluation of Tanks Waste Disposal Second
Alternative Within Privatization, May 27, 1998.
2. Design Input 15. DeLozier 1998, Letter LMHC-9854671A R1, M. P. DeLozier, Lockheed
Martin Hanford Corporation, to A. M. Umek, FDH, Subonctract nimber 80232764-9-
K001, Evaluation of Tank Waste Disposal Alternatives Within Privatization, June 15,
1998.

Assumptions: .
Constituent concentrations (e.g., TOC, sulfate, aluminum, transuranic content, Cs 137)
will be within the required limits for the calculated sodium retrieval efficiencies.

Computer Calculation: None
Reference: None
Calculations:
For variables let Tank 241-AN-107 be represented as C1, AN-105 as A1, AN-102 as C2,
AN-104 as A2, AW-101 as A3, AN-103 as A4, and AP-108 as B1. Let retrieval efficiency =n.
Minimum retrieval efficiency is minimum order quantity divided by available sodium.

Maximum retrieval efficiency is maximum order quantity divided by available sodium, however,
this value can not be greater than 1.0.
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(1) Drawing N/A . (2) Doc No. HNF-2938 (3) Page 3 of5 :
(4)Buiding NJA (5) Rev. 0 (6) Job No._N/A
(7) Subject Sodium Removal Efficiency: Phase 1 Low Activity Waste Feed Delivery
(8) Originator,_A. B. Carlson pDate _07/13/1998
(9) Checker. . Date

n = Minimum Order Quantity
Tankein Available Sodium

(Eqn.1)

Maximum Order Quantity .
. = but no greater than 1.0  (Egn.2
. Varky, Available Sodium & EgnD)

A minimum and maximum sodium removal efficiency can be calculated for each
sequential envelope of feed based on the range of the order quantity specified in design input 5
above. Note that tanks 241-AN-104, 241-AW-101, and 241-AN-103 comprise the second batch
of Envelope A waste transferred to the private contractor.

ng = M = 0.806 Mo = 1300 metr}c rons _ 1o
wia 620 metric tons . max 620 metric tons :
M = 750 metric tons 0688 - N = 1200 metric tons _ 1.0

wa 1090 metric tons s 1090 metric tons

500 metric tons 1300 metric tons
= = 0472 a2 P T =10
’ ez, 1060 metric tons . ez 1060 metric tons

- 1410 metric tons 3700 metric tons

= = 0.424 = = 1.0
MzeAs-Mo = 100499141234 merric tons Mazeas-de = 7100499141234 metric tons

.. 400 metric tons _ 0719

400 metric tons -
- e = 0719
N, == 556 metric tons

> -,
== 556 metric tons o,

For both envelope C wastes the available sodium is based on the liquid phase portion of
the tank contents. Retrieving all liquid phase sodium in the envelope C tanks is within the feed
quantity limits. The minimum retrieval efficiency for envelope C waste is 0.806 based on the
minimum acceptable amount of sodium to be delivered from tank 241-AN-107. For the four
tanks of envelope A, retrieving all liquid and solid phase sodium is within the feed quantity.
limits. The minimum retrieval efficiency for envelope A waste is 0.688 based on the minimum
acceptable amount of sodium to be delivered from tank 241-AN-105.

Design input 5 also states the objective is to transfer as much retrievable material from

" each source tank as possible during feed delivery. Therefore, greater sodium retrieval efficiency
should be strived for rather than lesser sodium retrieval efficiency.
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(1) Drawing N/A (2) Doc No. HNF-2938 | " (@)Page_4 _of5
(4) Building N/A (5)Rev. 0 (6) Job No._N/A
(7) Subject Sodium Removal Efficiency: Phase 1 Low Activity Waste Feed Delivery
(8) Originator_A. B. Carlson Date _07/13/1998
(9) Checker, ; Date

Additional constraints exist from design input 1 & 5:

Envelope A + B + 1.15%C = 6000 metric tons sodium (Eqn. 3)
Envelope A + 1.15%C = 5600 metric tons sodium (Eqn. 4)
Envelope C < 1900 metric tons sodium (Egn. 5)

By inspection of design input 15 it is seen that the sodium content of tanks AN-107 and
AN-102 is 1680 metric tons which is less than 1900 metric tons so the constraint of equation 5 is
met regardless of sodium retrieval efficiency. Also, Envelope B is specifically limited to 400
metric tons sodium by design input 5, making equations 3 and 4 equivalent. Therefore a
minimum average sodium retrieval efficiency can be specified for retrieval from envelope A and
C tanks by the following equation:

1 : 5600 metric tons sodium
Minimum Averoge 4 15xC]+Al+1.15xC2+A2+A3+A4

Inputing tank available sodium:

n - 5600 metric tons sodium = 0.882
Minimum Average 1 154620+1090+1.15%1060+1100+991 +1234

This minimum average is greater than the minimum sodium removal efficiency to meet
the minimum envelope-specific sodium delivery quantities.

Conclusions:

The low activity waste feed minimum sodium delivery requirement to the private
contractor during phase 1 privatization is'6,000 metric tons. To meet this requirement a
minimum of 90 weight percent (rounded from 88.2%) of sodium: in the liquid phase in tanks
241-AN-102 and 241-AN-107; and in the solid and liquid phase in tanks 241-AN-103, 241-AN-
104, and 241-AN-105, needs to be delivered to the private contractor.

F-9



HNF-2941

Revision 0
. - DESIGN CALCULATION
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(7) subject Sadium Removal Efficiency: Phase 1 Low Activity Waste Feed Delivery
(8) Originator_A. B Carlson pate _07/13/1998

(9) Checker__ £ % eierf pate _®/1[149%

Desxgn Review Checklist for Design Calculation

Documents/ECNs Reviewed:

Affected Document(s):
Yes No NA , ,
1 0 ‘@{ Previous reviews complete and cover analysis, up to scope of this review, with
no gaps. )
?Q [ [ Problem completely defined.
7 0 {g Accident scenarios developed in a clear and logical manner.
{1 1 Necessary assumptions explicitly stated and supported.
%d] {1 ‘{d Computer codes and data files documented.
[] 11 Data used in calculations explicitly stated in document.
{1 [] Data checked for consistency with original source information as applicable.
[)i [1 {1  Mathematical derivation checked including dimensionsal consistency of results.
1 0 ;{] Models appropriate and used within ragne of validity or use outside range of
: established validity justified.
{7(1 [1 [1 Hand calculations checked for errors. Spreadsheet results should be treated
. exactly the same as hand calculations.
[1 [1 o Software input correct and consistent with document reviewed.
1 (1 f/-f} Software output consistent with input and with results reported in document
' reviewed. )
[1 n ﬂ Limits/criteria/guidelines applied to analysis results are appropriate and
referenced. Limits/criteria/guidelines checked against references.
[y 11 W Safety margins consistent with good engineering practices.
[} {] Conclusions consistent with analyitical results and applicable limits.
[] [} Results and conclusions address all points required in the problem statement.
1 {3 [)(l Format consistent with appropriate NRC Regulatory Guide or other standards.
[1 11 * Review calculations, comments, and/or notes are attached.
1

)

By

Document approved.
Y@, chm‘s (‘D\LM:C%;QI:Q\ anZﬁ’

Reviewer(Printed Name and Slonamre) ’ Date
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F.1.2 CALCULATION OF RETAINED GAS REMOVAL

NECESSARY TO AVOID A GRE EXCEEDING 25% OF THE LFL
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DESIGN CALCULATION
(1) Calculation No.
{2) Drawing __N/A - "(3) Doc No. _HNF-2938 (4) Page _1.0f 3 _
(S) Building __N/A (6) CalcRev. .0 (7) Job No._N/A
(8) Subject Calculation of Retained Gas Removal Necessary to Avoid a GRE Exceeding 25% of the
LFL,
{8) Originator _B. B. Peters Date __8/10/98

(10) Checker _A. B, Carlson Date

(11) Objective: Determine the volume of retained gas to remove from each of tanks 241-AN-103,
241-AN-104, 241-AN-105, 241-AW-101, and 241-SY-103 such that a subsequent major gas
release event (GRE) would not exceed 25% ‘of the lower flammability limit (LFL) in the tank
headspace. .

Design Inputs:

AN-103 | AN-104 | ANC10S | AW-101 | SY-103
Release Vol for LEL (m3) | 124 %6 77 150 306
Retained Gas Vol. (m3) 363 197 148 115 150
Rel. Fraction for LFL 0.34 0.49 0.52 150 |- 208

Data taken from Table 5.5 (pg 5.8) of Stewart, et. 2l. (1996) attached.

Sources:

1. Stewart, C.W., JM. Alzheimer, M.E. brewster, G, Chen, R E. Mendoza, H.C.Reid, C.L.
Shepard, G. Terrones, September 1996, In Situ Rheology and Gas Volume in Hanford
Double-Shell Waste Tanks, PNNL-11296, Pacific Northwest National Laboratory,

" Richland, Washington.
2. Stewart, C.W., 1998, Personal Communication”
Assumptions:
1. Historically the maximum GRE has released about 75% of the total estimated retained gas

inventory (Slewart C.W., 1998). Assume that 25% of the maximum retamed gas
inventory is unavailable for release during a GRE.

2. Assume the same conditions as in Stewart et. al. (1996). That is that the tanks are at their
current level and during 2 GR.E the released gases are uniformly mixed in the tank
headspace.

3. Assume that the tank waste can be slowly and in a controlied manner “degassed” using a
mixer pump or other means such that headspace flammable gas concentrations don’t

. . exceed 25% of the LFL.

4. Assume that waste retrieval would occur soon (<30 days) after degassing so that retained
flammeble gases couldn’t build back uip in the waste.

Computer Calculation: None

Reference: None

1158
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DESIGN CALCULATION
(1) Caleulation No.

(2) Drawing __N/A - (3) Doc No. __HNF-2938 . (4) Page _2.0of 3
(5) Building __N/A (6) Calc Rev, _0 (7} Job No._N/A
(8) Subject Celculation of Retained Gas Removal Necessary to Avoi
{9) Originator _8, B, Peters ’ Date __8/10/98
. (10) Checker _A. B. Carlson Date ____
Calculations:
1) Calculate the release volume necessary to reach 25% of the LFL.
2) - Calculate the fraction of the maximum inventory which historically is not released during a
maximum GRE (25% of total inventory) .
.3) Calculate gas volume which needs to be removed so that the waste can be rezneved

without exceeding 25% of the LFL (= Maximum retained gas inventory -minus- Fraction
needed to reach 25% ofLFL -minus- 25% of total inventory which doesn’t release during

a GRE)
AN-103 | AN-104 | AN-105 | AW-101 | SY-103
R1 | Release Vol. for LFL (m®) 124 96 77 150 306
R2 | Max, Retained Gas Vol. (m®) 363 197 148 115 150
B3 | Release Vol. for 25% of LFL. | 31 24 19 | 38 77
(m*) [0.25 * R1] .
R4 | Vol. retained and not released 91 49 37 29 38
" | (25% of max. inventory) (m®)
[0.25*R2]
RS | Vol. To Remove (m®) 241 124 92 49 36
[R2-R3 - R4]
Conclusions:

An appropriate Quantitative Tank-Specific Process Need is to remove sufficient retained gas from
the waste such that a GRE releasing 75% of the remaining gas would not exceed an averaged
concentration of 25% of the LFL. This equates 10 a gas removal of 241 m® for AN-103, 124 m®
for AN-104, 92 m? for AN-105, 49 m® for AW-101, and 36 m® for SY-103.

213798
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DESIGN CALCULATION
(1) Calculation No. .

. {2) Drawing __M__d {3) Doc No. _ HNF-2938 (4) Page .3 of 3
(5) Building _N/A (6) Calc Rev. _0 (7} Job No._N/A
(8) Subject Calculation of Retained Gas Removal Necessary to Avoid a GRE Exceeding 25%

LEL . .
(9} Originator _8. B, Peters . Date _8/10/88
{10) Checker _A. B, Carison Date _

Design Review Checklist for Design Calculation

" Documents/ECNs Reviewed:

Affected Document(s):

[1 {1 [ Previous reviews complete and cover analysis, up to scope of this review,
with no gaps

[T {1 [1 Problemcompletely defined.

[1 [} {1  Accident scenarios developed in a clear and logical manner.

{1 B [3 Necessary assumptions explicitly stated and supported.

[3 f) [) Computer codes and data files documented,

[1 11 {1  Dataused in calculations explicitly stated in document.

{1 [] [3 Data checked for consistency with original source information 25
applicable. ’

f1 {1 f1  Mathematical derivation checked including dimensional consistency of
results.

{1 {1 {] Models appropriate and used within range of validity or use outside range
of established validity justified.
[] {] (] Hand calculations checked for errors. (Spreadsheet results should be
treated exactly the same as hand calculations)
[3 Software input correct and consistent with document reviewed.
0] Software output consistent with input and with results reported in
document reviewed. .
0 {1 0] Limits/criteria/guidelines applied to analysis results are appropriate and
referenced. Limits/criteria/guidelines checked against references.

——

[3 [] [] Safety margins consistent with good engineering practices.

{1 [} {1  Conclusions consistent with analytical results and applicable limits.

{1 [] [3 Results and conclusions address all points required in the problem
statement. '

{1 [3 i1 Format consistent with appropriate NRC Regulatory Guide or other
standards. : .

[1 {1 {1  Review calculations, comments and/or notes are attached.

[1 [ [} DocumentApproved

Reviewer (Printed Name and Signature) : Date
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F.1.3 USE OF INHIBITED FLUSH WATER
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FLUOR DANIEL NORTHWEST, INC.
1100 Jadwin T
PO, Box 1030
Richland, Washington 99352-1050

August 11, 1898 LMHCS6W0-0006
. CO-98-TWRS-384

Mr. L. G. Papp

Numatec Hanford Corporahon

P.O. Box 1300

Richland, Washington 99352-1 300

.Dear Mr. Papp: -
TASK ORDER 44-10-02, PREPARE PIPING AND INSTRUMENTATION DIAGRAMS

. Response Requested By: N/A
Responds To: N/A
Enciosed are two deliverables in support of the additional work that Randy Hallum is providing. They are:
1) Dynamic Thermal Analysis of Was'e Transfer Piping and 2) Review of Raw Water Versus Inhibited
Waler for Transfer Pipe Flushing, The Jetler report for use of Raw Water Versus Inhibited Water is based
on reviews of existing site documents. A defensible technical justification has not yet been prepared.
Please feel free to contact Randy Hallum at 376-7089 or myself at 373-2188 if you have any questions.

Sincerely,

/lu w. /’Z%LM%/\—/

M. W. Manderbach
Project Manager

MWM:sst -

Attachments (2)
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LMHC9620-0006
CO-98-TWRS-384

Attachment 2
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9
FLUOR DANIEL NORTHWEST
INTEROFFICE CORRESPONDENCE

To: M. W. Manderbech Date: 7131/98

Location: Richland, B4-57 Reference:

From: M. B. Palm W/&QDAA’\__

Location: _ Richland, E6-15 Clients

Telephore: . 376-8128 N subject: Cross-Site Transfer Line Flush
- c: tABP-File/LB

References 1) Project W-058/W-028, Material of Construction Position
Paper, C. Van Katwijk, June 22, 1994.
2) WHC-SD-W236A-TRP-001, Multi-Function Waste Tank
Facility Corrosion Test Report (Phase 1), W.C. Carlos,
Dated December 14, 1993,
This letter discusses the issue of whether to use inhibited water or raw water to
flush the cross-site transfer line following waste transfer between tanks. '

In 1994 a position paper, Reference 1 was written which re-evaluated the
materials of construction for projects W-058/W-028 which are very similar to
Project W-314. Two of the goals were to determine what would be the best

- piping material to use, and what should be the chemical composition of the
liquids that flow within the pipe. The results of the study showed that 304L. SS,
which has been used for waste transfer fines since the 1950's, was confirmed to
be the material of choice for the primary (inner) piping. It also reported that one
of the requirements for all liquids within the storage system would be to minimize
corrosion. Therefore the chemical composition requirements for the liquids
flowing in the transfer piping system, whether it be tank waste or flushing liguid,
would need to minimize corrosion. ’

Also in Reference 1, the results of past corrosion-studies done at the Hanford
site have indicated that corrogion in the vapor space and liquid/vapor interface
zones of the waste tanks is more severe than in the waste solution (liquid} zone.
In the transfer piping lines, this would occur after the waste had been transferred
and the fine flushed out. Any remaining flushing liquids would cause a puddling
effect and a liquid/vapor interface zone, The study also pointed out that the
puddling was confirmed to be a major contributor to corrosion problems such as
pitting and stress corrosion cracking (SCC) in the life of the line. Since the life of
the transfer-line system is intended to be 40-years, every effort needs to be ’
made to minimize corrosion that could occur on a day to day basis. For this
reason it was determined that only liquid solutions that meet the chemical
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Ni. W. Manderbach
July 31, 1998
Page 2 -

composition requirements put on the liquids in the double-shell tanks are allowed
in the cross-site transfer lines, Therefore, since the double-shell tank minimum
chemical requirements for nitrite and hydroxide respectively are 0.01M (NaOH)
and 0.01M (NaN02) for corrosion inhibition, that should also be established as a
requirement for the transfer line. Of course, the liquids flowing through the
transfer piping from the tank would have the correct chemical composition for.the
transfer piping. The issue needing,to be resolved is what chemical composition
does the flush water need to be. Can the water be raw, for example (out of the
tap), or does it need to be inhibited water, which would have an elevated pH
level.

The summary statement of Reference 2 says thatin the case of 304L SS the
tendency to pit and the possibility of SCC can be effectively eliminated if the pH
level in the tanks are kept above a value of approx. 10.5 and temperature is kept
below approx. 60 C(140F). With this information, the minimum requirement for
the flush water should be at least a pH of 10.5.

Therefore, to minimize corrosion, inhibited water rather than raw water should be
used to flush the transfer line.

The requirements for flushing water to be used in carbon stee! transfer lines has
not been specifically defined. The requirements used for stainless steel transfer
lines could also be used for carbon steel lines with the understanding that the
corrosion rate for carbon steel is greater than that for stainless steel.
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F.1.4 CALCULATION OF SOLIDS DEPOSITION VELOCITY
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F.1.5 CALCULATION OF NPSHa FOR MIXER PUMP OPERATION
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F.1.10 ADJUSTMENT TO TANKS 241-AN-102 AND 241-AN-107 WASTE TO MEET
CORROSION SPECIFICATIONS
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© DESIGN CALCULATION

(1) Drawing N/A (2) Doc No._HNF-2938 (3) Page__1 of 2__

(4) Building_241-AN (5) Rev._0 (6) Job No. N/A

(7) Subject___Caustic Needs for 24]1-AN-102 and 107

(8) Originator W.L. Willis S =Am Date . _10/06/1998
(9) Checker__ A.B. Carlson - @y’ i Date 10/05/139&

(10) Objective: Determme the minimum volume of 19 M NaOH necessary to bring the
supernatant waste in 241-AN-102 and 107 into compliance with the corrosion specification.

Design Inputs: N

1. The supematant volumes in the tanks are as follows (Hanlon 1998):

- 241-AN-102 3,700,000 liters (378,000 gallons)
- 241-AN-107 3,030,000 liters (801,000 gallons)

2. The volume of each tank corresponds to approximately 410,000 I per meter (2750 galfin.} of tank depth.

3. The corrosion specification is as follows (OSD 1998):

for NO;J S 10N 0.010 M < [OH] £ 5.0 M, 0.011 M < [NO;} £ 5.5 M, [NO, )/ (fOH] + [NO,T) < 2.5
for 1OM <[NO,} 3.0 M; 0.1 (fNO;1) < [OH] < 10, [OH] + [NO,T2 0.4 (INOy)
for [NO,J >3 M 0.3 M < [OH] < 10 M, [OH] + [NO;) 2 1.2 M, NOJJ 5.5 M

4. Tank Supernatant concentrations for 241-AN-102 are as follows (Herting 1998):

{OH]-022 M NOT- 171 M NO,]-3.74 M
5. Caustic demand for supernate in tank 241-AN-107 is 0.39 1 per liter of supemate (Herting 1995).
Assumptions:

.' 1. The supernatant Jiquid will be retrieved down to within 0.25 m (10 in.) of the solids layer in cach tank

" Reference:

Hanlon 1998, Waste Tank summary Report for Month ending June 30, 1998, HNF-EP-0182-123, Fluor Daniel Hanford Corporation, Rlch!and
Washington

OSD 1998, Tank Farms Operating Specification Document, OSD-T-151-00007, Rev, H-21, released 9/29/98, Lockheed Martin Hanford,
Corporation, Richland Washington

Henting 1994, Process Aids 1994, WHC-IP-0711-26, \\'cs(ir';ghous’e Hanford Company, Richtand Washington
Herting 1995, Process Aids 1995, WHC-1P-0711-27, W:s\ir.zghbuse Hanford Company, Richland Washington
Calculations:

1. Based on design inputs 3 and 4 above, the minimum required OH jon to meet i ifications for 241-AN-102 js 0.3 M. We
need to solve the following equation to determine the necessary volume of caustic to add to Tank 241- AN 102.

AM + XN = (A+X<Q . ay

Where:

A = supemnate volume to be transferred M = supemate concentration [OH or OH' + NO;) X = volume added caustic solution
N = caustic solution concentration [OH] Q= desired concentration [OH or OH" + NO;)
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DESIGN CALCULATION
(1) Drawing__ N/A - (2) Doc No._HNF-2938 (3) Page__ 2 of 2.

(4) Building_241-AN (5) Rev._0 (6) Job No.__N/A

(7) Subject Caustic Needs for 241-AN-102 and 107

(8) Originator_W.L. Willis Cal Date 10/06/1998
(9) Checker__A.B. Carlson > = v pate  _10/06/1998

Rearranging yields the following:
AXM + XxN = AxQ + XxQ
AxM - AxQ = XxQ -XxN
AXM - -A%Q =Xx(Q ~N)

-
Solving for X yields:

(XM - A0’
X=X s Al 2
) @

For Tank 241-AN-102 in order to meet the [OH] requirement for waste with > 3 M [NO,7], the following apply (Herting 1994):

A=3,700,000! - 103,000 ] = 3,600,000 1 M=022M . N=19M Q=030 M
Solving for X in cquatmn 2 above yxelds 15,4001(4100 gal) 19 L NaOH as a minimum volume to be added to Tank 241-AN-102 supematant to
comply with the corrosion specification. :
2. Based on design input 5 above, we can determine the volume of caustic needed in Tank 241-AN-107 as follows:
(3,030,000 liters supemate - 103,000 liters supernate remaining in tank) X 0.039 liters 19 M NaOH / litér supemate = 114,000 liters 19 M NaOH -
Concluslons ’

At a minimum, 15,4001 (4100 gal) of 19 M NaOH would need to be added to the supematant in Tank 241-AN 102 to comply with the corrosion
. specnﬁcahon in the receiving tank.

At a minimum, 114,000 1 (30,200 gal) of 19 M N2OH would need to be added to the supematant in Tank 241-AN-107 to comply with the corrosion
specification in the receiving tank.
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FLUOR DANIEL NORTHWEST, INC,
1100 Jadwin . -
£.0. Box 1050
Richlond, Washington 99352-1050

August 11, 1998 i LMHCS8WO0-0006
. CO-98-TWRS-384

Mr. 1. G. Papp

Numatec Hanford Corporation -

P.0. Box 1300

Richland, Washington 893521300

Dear Mr. Papp:

TASK ORDER 44-10-02, PREPARE PIPING AND INSTRUMENTATION DIAGRAMS

Response Requested By: N/A

Responds To: N/A

Enclosed are two deliverables in support of the additional work that Randy Hallum Is providing. They are:
1) Dynamic Thermal Analysis of Waste Transfer Piping and 2) Review of Raw Water Versus inhibited
Water for Transfer Pipe Flushing. The letter report for use of Raw Water Versus Inhibited Water is based
on reviews of existing site documents. . A defensible technical justification has not yet been prepared.

Please feel free to contact Randy Hallum at 376-7089 or myself at 373-2198 if you have any questions.

Sincerely,

Jtr. Wasdstoect

M. W. Manderbach
Project Manager

MWM:sst -

Attachments (2)
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MEMO

To: Mark Manderbach

From: - Ed Smith

Subject: Heat Up/Heat Loss Through Routes
Date: August 6, 1998

" The attached report contains a dynamic thermal analysis of the Hanford waste transfer double
buried pipe.

-

_ The analysis was performed using AspenTech’s Speedup computer modeling program. Two
cases were considered for the waste transfer with differing assumptions made for the initial waste
tefperature and surrounding soil/pipe temperatures. .

The results of the analysis show that the transfer pipe will heat up from it’s initial temperature to
nearly waste temperature over a very short period of time. It also shows the steady state
temperature will be within a few degrees of the waste’s initial temperature but that it will take a
period much greater than twenty-four hours to réach this state as the soil takes a long time to heat *

up.
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- . Fluor Daniel
’ Computer Solutions
- Hanford Buried Pipe Dynamic Simulation Thenﬁal Analysis
Initial Report
Lo 4 August 1998°
Summary

Fluor Daniel Applied Comﬁuter Solutions (ACS) has completed a dynamlc simulation analysis of
the Hanford double buried pipe. The pipe design includes a 3" inch inner pipe and a 6" outer
pipe. The annular space between the pipe contains alr. The objectives of ths simulation are to:
. Determme outlet fluid temperature at steady state conditions

+ “Determine time required to heat the pipe to steady state conditions

Casés

. Two Cases were considered. The following teble summarizes the two simulation cases.

- {Case1 |Case2
Fluid Temperature (°F) | 200 104

Fluid Velocity (ft/sec) |6 6
Pipe Length () 4007 4007
Soil Temperature (°F) 150 335

The initial conditions for both cases are 2ero flow with the pipe at the ambisnt soil temperature.
aase 1 is the same conditions as reference calculatlon W314-P-006 dated Mar 12 1998 by
Fluor Daniel Northwest.

Dynamic Model

The model includes the following assum_‘pti.ons:

« Theline is broken into 10 segments.:

. The fluid Is assumed to be water.

. Heat transfer from the fiuid to the 8" pipe wall in each segment is based on the equat:on for
heat transfer for turbulent flow: .

Nu = 0.023 Re®*Pr™
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. Heat transfer in the annular space between the pipes is based on natural gonvecﬁon and
radiation per the reference calculation. Natural convection uses the equation:

Nu = 0.19 G©°*

"« The model neglects the thermal conductivity in the pipe wall (infinite conductivity). The pipe
material is assumed to be carbon steel.

. The soil surrounding each segment is brokan into 50 concentric rings {for heat transfer and
heat capacitance calculations. The soil heat transfer is based on conduction with
conductivity and heat capacitance based on dry sand. The soil temperature is assumed to
be. constant at a five foot radius from the center of the pipe

« AspenTech's Speedup program was used to-perform the analysis. The model is finked to
Aspen Plus for physical properties of water.

The Speedup modal developed for this study is appended to the report.

Results

Results for sach case are attached to this report and are summarized by the following table.

Case 1 Case2
At24 >> 24 At 30 >>24
minutes | hours | minutes | hours
Fluid Temperature Loss (°F) 10 2.7 2 0.6
Fluid and fnner Pipe Wall 180 197 T 102 103
Temperature {°F) N
Outer pipe Temperature {(°F}) 46 148 535 84

Speedup was run in dynamic mode for the results at 24 and 30 minutes and in steady stata
mode for the results greater than 24 hours. An extended dynamic run for Case 1 indicated that
the pipe still had not reached steady conditions after 40 hours.

Case 1

The fluid temperature reaches a new value of 190 °F ( 88 °C), 24 minutes afier the start of flow.
However, the fiuid does not reach its final steady state value of 197 °F (92 °C) at a time much
greater than 24 hours as the soll takes a long time to heat up. Figure 1 shows the
femperatures for the fluid, inner pipe, outer pipe, and thres layers of soif one inch thick each
clogest to the outer pipe. Figure 1a is a close-up of the fiuid temperature.

Case 2
The fluid temperature reaches a new value of 102 °F (39 °C), 30 minutes after the stért of flow
and reaches iis final steady state value of 103 °F (39.4 °C} at a time greater than 24 hours,

- Figure 1 shows the temperatures for the fluid, inner pipe, outer pipe, and three layers of soil one
inch thick closest to the outer pipe. Figure 1a is a close-up of the fluid temperature.
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- Temperature Close-up (Case 1)

“Figure 2
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Figure 1 - Temperatues at end of pipe (Case 2)

oy

Se

0g 52 02
D L sudz dwei uia
o geuoz dwal uid

0 g suoz dwel uia

peamnelsdwel pnid —O—

o ainjelsdws] jlem edid Jsuu] —3—
o) emwédwal irem edid teing —C—

F-40

12 14 16 18 2 22

ITIME.HOURS -

1

02 0 0.2 04 0.6 08



Figure 2 - Temperature Close-up (Case 2)
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MODEL TPIPEDW
8
eanford

- Double pip

- radiation and nat
spgr=1, no!

- only set
not been

length
eqg len
diam_ il
thick _pl
dens_v

wnowhowoen

e

Notes

ural convection from inner pipe to outer pipe
del adjustment for heavieér fluids with solids hes
conpleted and tested.

{ pipe actual length - m }

{ pipe equivalent length - n }

{ pipe inside diameter - m }

{ pipe thickness - m }

{ pipe material density - kg/m3 )
{ pipe conductivity - W/m-X

{

radiation emissivity (0.9) }

reguires procedure co.mol_lig

Thermal 7Fips
Text Process

)

2?2set zero_flow=
?set nrings=50
SET

NOCOMP_H20
V_CP_TO_NS¥2
V_GRAVITY
V_ER_T0_SE
V_KJ_TO_GJ

P

Q<

N
5

# Airx propertie

model to calculate wall temerature
many segments together

0

grse o ROTEN LY NREHHUNY

FIE LA [

2end # try not using anymore
7end # nurber of rings of dirt
# number of components
1.02-3, % (N-S/M2) / cP
9.81, # m/s2
3600.0, s/ hr
1.0E-6, # GJ / kJ
1.02-9, #GIF/J
1.08-3, #m / nm
—160510, g minus infinity (ish)
1.0E10, # plus infinity {(ish)
3.68-6, 4 (GJ/hr) / W
0.0, #
3,14158,
10.75, # fe2/m2
WM2K = 5.666 # (W/m2-K) / (3tu/hr-£t2-F
1.162, # W/kcal/h)
1.02+3, MR
0.010125
-0.217 | :
0.00001 ! 2 Minimum diam for power lineaxisation
0.1384 ! 4 piam to switch correlations
0.1410 # Diam to switch correlations
5.675E-8 4§ stephan bolzman constant
# 0.1714e-8 Btu/ft2-hr-R4 (5.67e-8 W/m2-X4)
*1007 # heat capacity of alr, J/kg-X
+1.93E-5 § kinematic visc of 2ir, m2/s
=0,02537 § conductivity of air, W/m-X
0.003225 & Thermal Expansion p6/13 0.00179/R *4982/273

pirt Properties {dry sand)
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cP_D = 837 4 heat capacity, 0.2 BTU/LB/F = 837 J/k3-K
K_D = 0.33 # ‘conductivity, 0,19 Btu/F-fr-hr = 0,33 W/n-X
DENS_D = 1600 # density, 100 L3M/FT3 =.1600 XG/M3
TYPE
PR
# Input F1
¥
F_in AS f£low_mol
P_in AS pressure
h_in £ AS enth_mol
h_ inx AS enth_mol
8
£  Output Pl: *
£
F_ out AS flow_mol
P._out AS pressure
h.out_§ xS - enth_mol
h_out_r As enth_mol
£
§ Internal Flash
x N .
T AS temperature # Temperature for enthalpy calculation
P AS pressure $ Pressure passed to downstream unic
P.mass AS | flow_mass # Mass flowrate

3 .
# Constants in property correlations:
4.

MWC AS ARRAY (NOCOMP _H20) ) ’
OF loprop N 4 Component molecular weights
ARL AS ARRAY (NOCOMP_H20)
OF loprop # Liquid enthalpy ‘A’ coefficents
BHL AS ARRAY (NOCOMP_H20}
OF - loprop % Ligquid enthalpy ’'B’ coefficents
AVL AS loprop © & Liquid specific volume ‘A’ coefif
BVL AS loprop 2 piquid specific volume *B° coefi
+@iam_il a2s length # m - pipe inside diamrer
diam_ol as length #n ’
rchick_pl 25 length - B m
*diam i2 . as length # m - pipe inside diamter
diam_o02 as length #n
*thick _p2 as length &Fm
*diam_ d 2s length # m - pipe inside diamter ~
thick_d as length #m : :
?repeat
diam 42 (i) ‘2s leagth #m
q.dz(i) as heat_£flow # GJI/hr
t_4az(i) as temperature #cC
mass_4?{i) . 2s mass # kg
area_d?(i} 2s area § m2
E_8?2 (1) as energy # GJ
?with i=<l:nringss>-
q 47 {nrings+1) zs heat_flow $ Gi/hr
diam d?(nrings+l} as length- #m
area_d?{nrings+l) as area # n2
*length 2s length ERY
R _p &S notype | w/m-X
*dens_p 2s dens_mass # kg/m3
¥ cpp 2s notype kI /kg-X
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ESETE S

T wvel as velocity #
vel _km as velocity #
vel_sgrd a2s notype, #

. as cond_lig #
visc.l as visc [
cp_l 25 cp.mol . %

*zho_mol as dens_mol #
rho_mass as dens_mass #
*spgr as notype
gp_frict AS press 4diff
fric_fact AsS notype
dr.de_x as notype -
u_amb as heat_trans_coeff
hee lp as heat_trans_coeff
hre_lp .t as heat_trans_coeff
hte_ppc as heat_trans_coeff
htc_ppc_t as heat_trans_co2ff
coef as positive
*eq_ len as length
¢ 1p as heat_flow
q_ppc as heat_flow
q Ppx as heat_flow

q pd as heat_flcw
T as temperature
T_pl as temperature
T_D2 as temperature
mass. pl 25 mass
mass_p2 as mass
area_flow as area
area lp 2s arxea
area_ppc as area
area_Dpr as arxea

area_pd as area
E_pl as energy
E D2 - as energy
E_L as energy
Re, Pr, Nu as notype
Re_exp, Pr_exp . as notype
low_£low as fraction
emm " 2s notype !
T_anb as temperature
Air Natural Convection
Nu_a as notype
Gr.a as notype
Gr. .25 2s notype
dens..a a2s dens_meass
del 2s length
h2o_dumny AS ARRAY ( 1) Tk
OF molefraction #

ETETE TR E

BERY

m/s
Xn/s
Velocity in pipe squared
Lig Conductivity, W/m-X

cP
KJ/kgmol-K
kgmol/m3
kg/m3

pressure change due to friccion
Friction factox :

2

Deg C

W/m2-X
W/m2-X
W/m2-X
W/m2-X
W/m2-X

£ T

e e
xx a0
&8 (2]

3

o ik ot
QA0 N
Qo

# ambient temp set in sev_globals

r Prandlt

# A
# Aixr Grashoif

i
i

Dummy water/steam composition vector
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STREAYX -
INPUT F1 7 in, P_in, h.in £, hinr
oUTPUT P1 F_out, P_out, h_out_f, hoout r

¢ pressure Grop relationships with flow and elevation change

P_out = p_in - dp_frict ; *
. ér_ frict = Dian il .
= fric_fact * FF_CONV * Eq.len * vel sqrd / 2
* r}-o_mass * 10
area_£flow = (V_PI/4}* (dla.m,_:.l'd‘a*x_ml) :
vel * rho_mass * area_flow = f_mass / V. _KR_TO_SEC

F.in = F_out ;

h_in.x = h_out.xr ;
vel.km = vel / 1000
hZo_durmy{ 1 )} = 1

p_out = P ;
T_1 =T ;

4 rhomol = 1.0 / (AVL + BVL * T) ¢
rho_mass = rho_mol * MWC(1)} * spgr ;
F_mass = F_out * .W_C(l) * spgr :

diam_ ol o diam_il + 2*thick_pl ;
diam_02 = giam_i2 + 27thick p2 :

mass_pl = dens_p * length * .
. (V Pr/4)={diam_ol*diem ol - diam_il*diam il) ;
nass_p2 = dens_p * length * .
(V PI/4Y* (diam_o2*diam 02 - dian_i2*diam_3i2)

#

F :

% Forced convection from liq to pipe
#

Re * visc_l * V. CP _TO_NSM2 = dla:-\_il * yel * rho_mass ;

Pr * k.1 * rwc(l) * spgr = cp.l ¥ visc.l :

Nu * k_1 hte_lp_t * diam il ; .

The following T correlation is for Warm Gas to Cold Horizontal Pipe

"
# Nu = 0.023 ¥ Re’0.8 * Pr’0.3 ;
Nu=0023 * Re_exp * Pr_exp

area lp = leﬂgth * V_PI * diam il ;
q.lp =low_flow * htc_ lp * area lp * (’r 1 - T_pl )} * V.W.PO _GJER :
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5
#
# Lig Heat balance -

2if zero_flow=l 2?then
h_in_f = h_ouz f ;

zelse
4 g lp = f.in * (hinf - h out £} :
se_1 = £ in*h in £ - £_out*h_out_f - @.1p :
?endif
E_) = h_out_f * rho_mol ¥ length * area_flow ;

# ELL = n out £ * length- * area_.flow = 1000 / MWC{1) / spgr i

Radiaat from imner pipe to outex pipe

stephan bolzxmzn 0.1714e-8 Bru/ft2-hr-R4 ( = 5.67e-8 W/m2-X4 )

LU TR R

area_ppr = length * V.PI * diam ol :
pxr = emm * SB_CONST * ared _ppr
g

4
T pl+273) % (T_pl+273)* (T_pl+273) * (FD1+273) - .
('r__pZ¢273)'(T_p2+273)‘(’r_92+273)'(T_p2+273)) + V_V_TO_GJER :

e AR A

Air Natural Cenvective from pipe to ‘ambienn
page 7/13 of calc w3l4-p-006 ° .

dt_% = 7.o2 - T.p}
dens_a = 1.132 ;
del = ( diam i2 ~ diam.ol ) / 2;

Gr_a = cens_a’2 * V_GRAVITY * BETA ~ dt *+ cel’3 / kvisc_a / kvisc.a;
Nu_a = 0,195 * Gx.25:

hte_ppe_t = Xu_a * k.a / Gel ;

area_ppc = length * V.PI * { Aiam_ol+diam_12)/2;

3
§ Conduction in dirt
thick_a = {diam d - diem o2) 4 2 / { ?(nrings)+l)s

diam _dl = diam_02 + 1+2*chick. 4 ;
area_dl = leagth * V_PI * {diam_&1 + diam 02} / 2 :
q ai = (k_d/thick_d} =* area_dl ¥ (T_p2-T_41) * V.W_TO_GJHR ;
mass_dl = deas_d * length *
(V_PI/4)~ (diam_di*diam d1 - diam_o2+*diam_o02) :
241 - mass_dl * Cp_d * (7_41+273) * V.I.TO GJ ;
SE_G1 = gdl - ¢ déz

?repeat |
diam d? (i) = diam._02 +-2(i)*2*thick 4 ;
area_d?{i) = length * V_PI * (diam G2 (i) + diam_g?(i-1)) / 2; .
g @21{i) = (k_d/thick_d) * area_d?{i) * (P_d?{i-1)-T_8?(i)) » V.M_TO_GJER ;
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mass_d?{i) = dens_d’* length *

(V_PI74)* (diam_d?(i)*diam d?{i) ~ dlam @2(i-1)=diam a2 (i-~1)) ;:
(T d7(1)+273) * V_J_TO.GT ;

mass_d2(i) = _d *

E_42{i) =
s @ 87{1) - q.dyiis1)

$E_d?(1}
?with i=<2:nrings>

dianm_d?{nrings+l)

area d? (nrin s+1)

length *
qg_&? (nr:.ngs-rl) =

(k_d/thick_d} * area d‘*(nnngs*-l) * (T_d?{nrings)-T_amb) * V_W_TO_GJIRR -

g rd = {k d/thick d) = areapd * ( T_p2 - T_ a.mb ) * V.W.TO_GIHR ; }

{ area_pd = e"g:h * V_PI * { dian, o2*d~a"\__d)/2 H
thick d = (o;am 4 - diam, ,_02) 2
% __________________________________
#
# Conduction through pipe wall
& -
§ pipe is assumed to have a constant temperature throughout
¥
fuom e e
# s
# Pipe Dynamics
# .
$Epl = @lp - @Upc - @OPr
SEp2 = QPPC +gupr-qdl
# fudged mole waight of steel (e} of. 50 go give Cp=.5 at 295 K
$ Cp = 4.13 + 0.00638"T

E.pl * 50.3 = mass_pl *

Ep2 * 50.3 = mass_p2 *

4.13* (T _p2+273)
+ 0.00638 *(T _»2+273)*(T_p2+273)/2
- ) * 4.183 * V_KI.TO.GJ ;

PROCEDURE ' 4
{ vel_sqrd )

{ hte. ) ) copy..l (htc lp_t )} TEAR

{ htc_ppc } copy..l {htc_ppc.t } TEAR .

{ k.1 ) cond lig ( T. P, h2o_dummy )} INPUT F1l, TEAR H
{ cp_l }  cpomol_liqg { T, P, h2o_dumny } INPUT Fl, TEAR {
{ vise .l ) wvisc.liq {T, P, hz:_:_dumy ) INPUT F1, TEAR ‘
( dc ) abs (@t_x ) ;
{ low_flow ) limit (f_in, V_2ZERQ, V_ONE ) i
{ Re_exp ) power ( Re, 0.80, 2100. b

( Pr_exp } power ( Pr, 0.30, 0.01 )

diam_02 + ?{nx

V.PI * (diam d4? (nrings*l) + @lam d?(nrings)} / 2 ;

(

£.13%(T_pl+273)

+ 0.00638 ‘(T_pl‘273)‘(T_pl+273)/2
) * 4.1837% V_XJ_TO_GJ :

signed_square [ vel_ km )

H

rings+1)*2*thick d :

~E5T AVAILABLE COPY
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a e

{ gr_25 ) power. { gxr.2, 0.25, 10000. )
{ coef ) ramp { Diam_ol, V_SM_DIAY, V._LG_DIAM
Friction factor
{ fric_fact )} pover (Dia:n,_il,FF_POWER,V_MIN_,DIAM)
4 Flash ’
{ h_out £ )y prop.calc_hl { 7, h2o_dumny,
MUC,
AHL, BHL,
AVL, - BVL ) prop.corr.lhd { T, P. h2o_dunmy
{ T_2axb) get_param ( *TRMB* )

, V_ZERO, V_ONE )

ARL, BEDL )

) INPUT FI, TEAR
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- DESIGN CALCULATION

(1) Drawing_N/A : (2) Doc No._HNF-2838 (3) Page__1_ of _]

(4) Building_241-AN Farm ___ (5) Rev. 0 (6) Job No.__N/A’
(7) Subject_Transfer Line Flush Volume : '
(8) Originator_T. R. Ben lr0/1/78 Date 10/1/1998
(9y Checker____W.1. Willis "o 70/0/%8 pate _10/1/1998

10) Ob] ective: Verify the diluent volume specxﬁed in Table 4.1 is sufficient to flush transfer
lines.

Design inputs: ' .

Longest transfer line route ~ 5627 ft.

Diameter of transfer lines - 3 inches

Volume required to flush lines - 1.5 times pipeline volume
Volume available to flush transfer pipeline -Up to 1 tank volume

Sources:

Longest transfer line route - HNF-2941, Figure A-4.

Diameter of transfer lines - HNF-2941, Table A-5

Volume required to flush lines - HNF-2938, Table 4.1, 7.P4.2 .

Volume available to flush transfer pipeline - HNF-2938, Table 4.1, 4.P1.2, 4.P1.2,4.P2.2

Assumptions:
None
-,Reference:
Calculations:
Volume=Area x Length Area for circle=Pi x R, R=Pipe radius, Pi=3.14
Volume = Pi x R? x Length Length=5627 ft.
Volume = 3.14 x (3/2)? (inches?) x (1 ft/ 121n) 2x 5267 ft
- Volume = 258.5 fi*
or :
Volume = 258.5 ft* x 7.48 Gal/ft
Volume = 1933.1 Gal or ~ 2000 Gal.
Conclusions:
Diluent system is to be capable of delivering up to one tank volume or approximately 1 miliibn

gallons. Therefore, the diluent system can sufficiently supply the transfer line flushing
requirements.
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Calculation note
Prepared by WL, willis @ _

Checkedby AR Cagrsor) €8

Subject: Estimation of operating transfer rates for waste transfers

This calculation will establish a methodology for estimating the transfer rates for waste being
transferred from one double shell tank to another or from one double shell tank to the private
immobilization facility. The transfer rate will be estimated by plotting the pump head curve versus
flow rate given us by the manufacturer of the pump. Superimposed on the pump curve will be the
operating head loss versus flow rate curve. The intersection of the two curves gives us an
-estimate of the ﬂow rate and total head Joss through the piping system.

The operating head loss versus flow rate curve is obtained using Bernoulli’s Therom (Crane 1982
equation 3.5) which can be stated as follows:

) P, P V12 - n? . ’
hL =(zZ, - Z,) + (144 ['p— - ?]) + (T) M)
1 2

Where:

‘hy, is the total head loss, in feet

Z is the elevation of the transfer, in feet

P is the pressure of the system, in pounds per square inch (gauge)
p is the fluid density, pounds per cubic foot

v is the mean velocity of flow, in feet per second

The total head loss is the sum of the head loss from the elevation change, the pressure loss due to
friction and the change in velocity. If we assume that the fluidis mcompressxble and the piping
has a constant 3" diameter, Then equanon 1 can be simplified to:

B

B, = (AZ) + (144%5) @

The two factors on the right hand side of equation 2 define the total head loss in a piping system.
The first term on the right in equation 2 is the elevation rise or drop in the transfer line which is
listed in Table A-5 for each route. The second term on the right in equation 2 is the frictional
head loss. The frictional head loss can be calculated using Darcy’s formula which can be
expressed as the following equation (Crane 1982 equations 1-4 and 3-5.):
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h = =Zox - = 144 =2 3
Lpiction f D 2g p - ‘ ©)

Where:

By picion = frictional head loss, in feet

L =length of pipeline, in feet

D =internal diameter of transfer pipe, in feet

g = acceleration due to gravity, in feet per sqare second

The inside diameter of the pipeline is known (throughout this evaluation 3 in pipe is assumed.
The inside diameter of three inch pipe is 3.068 inches), the acceleration due to gravity is assumed
to be constant (32.2 feet per square second). We therefore are left with the the friction factor,
pipe length, and velocity terms. The friction factor f can be determined graphically using a
Moody diagram. Alternatively, a method has been developed byM Shacham (Olujic 1981)
wherein f can be calculated using the following formula:

e/D 5.02 e/D 14.5
= (-2 Log [-— - === log (—
J=t I3 3.7 Re,, ( 3.7 ReD

LSy - @
Whe're:

€ = surface roughness factor (0.0018 in. for commercial steel (DeNevers 1977))
Re, = Reynolds Number for flow in pipe

Reynolds Number for flow through pipe is given by:

Dvp

Re, = —X
D b

&)

Where: -
= fluid viscosity
With / determined by calculation, the next parameter is line Jength. The line length for each of the

transfer lines was estimated from the best available drawings and is listed in table A-5. The bulk
velocity of the fluid is related to the flow rate and the cross sectional area of the pipe as follows: -
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. Slow rate - . ) ®

cross—sectional area

A spreadsheet was developed (see table 1) which calculated first the Reynolds Number using

equation 5, then the friction factor using equation 4, and finally the head loss using equations 2

and 3 for a series of volumetric flow rates and viscosities. Curves were generated for flow rates
. from 40 to 250 gallons per minute, and for viscosities of between 5 and 30 centipoise.

With the pressure drop versus flow-rate curve developed, the next step is to compare the
pressure-drop versus flow rate curve to the pump curve to determine where the two curves
interssect. In order to do this the computer program Tablecurve-2d ® was used to fit the pump
curve in the form of a cubic equation. The pump curve and pressure drop versus flow rate curve
were plotted in an Excel ® Spreadsheet. Table 1 is the result of the spreadsheet. Figure 1isa
plot of the opeérating curves for a transfer from Tank 241-AN-101 to Tank 241-AP-103 for a
density of 1.41 g/ml, and viscosities of 5, 10, 15, and 20 centipoise and the pump curve for the
pump located in tank 241-AN-10]1. The transfers to and from 241-An and 241-AZ were done
using the same spreadsheet with the transfer length and hydraulic change adjusted to the
appropriate levels, :

F-54



§s-d

Flow
Rate

gal/min

60

70

SO

920
100
Ho
120
130
140
150
160
170
180

‘\

190
200

Viscosily

em

10

Reynolds numbers for 3" Pipe

© 17452
20361
23270
26178
29087
31996
34905
37813
40722
43631
46539
49448
52357
55265
58174

$726
10180

11635

13089
14344
13998
17452
18907
20361
21813
23270
24724
206178
27633
29087

5817
6787

7157

8726
9696
10665
11635
12604
13574

SLASA

15513
16483
17452
18422
19391

“for densily of
141

20

4363
5090
3817
6545
7272
7999
8726
9433 .
10180
10908
11635
12362
13089
13816
344

LANTO3AP

- For an cquivalent fength= - 2875
for a hydraulic change = ~ 11.4583

Viscosity Viscosity

€p) (cp)
5 10 15 20 5 10 15

friction factors ) total head loss ({()

0.0279602 0.0328007 0.0363347 0.0392186 44.60 50.34 54.53
0.0270603 0,0316024 0.0349224 0,0376315 55.12 6245 6780
0.0263273 0.030623+4 0.0337682 0.03633.47 66.94 . 75.99 82.62
0.0257151 0.0298033 0.0328007 0.0352477 $0.04 90.95 98.94
0.0251938 0.0291026 0.0319736 0.0343183 i 94.42 107.29 116,74
0.024743 0.0284945 0.0312553  0.033511 110.04 124,99 135.99
- 0.0243482 0.0279602 0.0306234 0.0328007 126.91 144,03 [56.66
0.0239988 0.0274856 (.0300618 0.032169! 145.01 164,41 178.75
0.02363868 0.0270603 0.0295579 0.031602. 164.33 186.10 202.22
0.0234061 0.0266763 0.0291026 0.0310689Y 18487 209,10 227.07
00231519 0,0263273 0.0286882 0.0306234 206.62 233.39 253.29
0.0229203 0.0260083  0.028309 0.0301963 229.57 258.96 280.85
0.0227082 0.0257151 0.0279602 0.0298033 253.72 285.80 309.76
0.0225132 0.0254446 0.0276378 0.0294399 279.07 313.92 339.99
0.0223331 0.0251938 0.0273388 0.0291026 305.61 343.29 371.54

Rage 1



20

57.95
72,18
$8.03
105.47
124.46
144,98
166.99
19047
215.42
241.50
269.60
298.81
329.42
161.41
39477

Pcabody Pump

" cubic Factors

a 324,24559
b 0.076078517
c +0.007120114
d 2.80165E-06
for an cquation

of {he form
Y=a+bx-+exA2:4+dxn3

Pump Head (R)

~03.78305
295.64349
286.19759
27546214
263.45395

- 25018985

23568663
219.9611

203.03008

184.91038

. 165.61381

145.17217
123.58727
100.858094
77.069963

LANTO3AP

Page 2
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F.2.2 CALCULATION OF TRANSFER LINE WATER HAMMER
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. . . Catz, Mo, 031X126-P-03
Fluor Daniel Northwest S 0

DES IGN ANALYSIS . PazeNo. 1ol §

Client NHC - WOk No. 65100501 031X126

Subjest Pressure surgss duc 10 waste transfers between from 241 AN!o 41 D 727798 £y RT.Hallum
AZ,24)-AZ 1 PC, 2ad 24 LAY b 241-AZ. | Cheked © 130994 by bt %,é 1;,/
Location Richiand, WA Reied [/ 3y

ELI&RQS.E

The pu:pos, of this calculation is to determing the pressuce transient, or water hammar, from the instantaneous 2nd 2 stow

closing valve in a waste tansfer pxpmv system. The waste transfer systems analyzad are the transfers from 241-AN-105 to
241-AP-102, 241-AZ-101 to the privatization contractor (PC), and 241-AY-102 to 241.AZ-101, The transfers analyzed
2r¢ the conceptuel wasts transfer line routings discussed in HNF-2500 (reference 5).

METHOD

Hand caleulations using formulas and data drawn from souwrces listed uader references,

NS
This calculation 2ssumes the closure of the valve at the end of the waste transfer line is instantaneously closed.
2. Waste characteristics and wasts transfer requisements are based on information provided by NHC (see Design
Input),
3. The distance from the PHMC/PC interface to the closing velve in the PC facility is 2,600 fect (sz¢ 2ttachment).
4. The location of the PC’s facility is within Parcel A and the routing of the waste k‘m. is along existing roads (ses
aitachment).
SSIGN D
1 Electronic memo from Alan B Carlson to Randall Hallum, dated 7/13/98 and attachment,
EFEREN
1. J lines, Gary Z, Watters, Second Edition.
2. E[Q cess E|Qn-a§ ode, ASME B:I 3be 1997 -
3. W-314-C1, Construction Specification, Tank Farm Restoration and Safs Operations, AN Valve Pit Upgraces
4. Floweof Flgid: through Valves, Fietines, and Pipg; Crane Technical Paper No. 410
5. HNF-2500, W-314 Waste Traasfer Ie 'niv ining Svetem Description, Rav. 0,
6. 15, Tylee G. Hicks, P.E., Editor.
7. i
8. H-" 7199—~, Piping PL:: Ta.'\.\ 104
9. H-14-102083, Plpmf’ Tanks AP-102/104 Arza Plan (Project W-211, drawing is not ch"s-d for construction)
10. h:‘.mgji:\::m; sixth edition, Mohinder L. Nayyar, Editor.

BDRIUTWIIICT W STV
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Calz. No. 051X126.P-03

Fluor Daniel Northwest ) ' i
DESIGN ANALYSIS Frastie. 39
Clieat NHC WOrlob N, 63100501 051X126

Subject Pressurs surges due lo waste kraasfers between from "41 AN 2241 Dus 72738 ' By RTHallum
AZ,241-AZ 10 PC, 208 251-AY 15 241-AZ. Chetisd VIBI9F By 4
Le<lh'e|\ Richland, WA Revised 7 By .

CALCULATION

Pipe Data: -
- 3 inch schedule 405, ASTM A 312 Grade TP 30'4L, seamless (réf(_:renc: 3)

D=3500" pipe diameter  (reference 4)

¢=.216" pipe wall diameter (reference 4)
E,=27.6X10° modulus of elasticity for austenitic stainless steel at 200°F (refercnce 2)

Wasts Transfer Routing Data (reference 5) 2nd Waste Propersy Data:

N to AP AZto PC? AY 1o AZ?
Routing Length (ft) 2.800 5,100 700
Waste Density  (gfec) 121 125 TL25
Waste Velocity ({t/sec) 9 ) 9 9
Temperature (°F) 200 ) 200 200
T 241.AN-05A pit via 3"SN-265-M25 to 241-AN-A valve pit (H-2-71986). 241-AN-A \ahcpu\p 3"SN-.

264-M25 10 24 1-AN-04A pit (H2-71994), 241-AN-044 pit via 3"SN-636 10 241-AP-04D pit (N7~
2300). 241-AP-04D pit to 241-AP-02D pit (H-14-102088). AP-102-02D pit to AP-102-024 pit.

2 241-AZ-01A pitto new AZ valve pit. New AZ valve pit to PC (privatization conuactor) interface (BNF-
2500). PC interface to PC fucility (sr attzchunent),
3 241-AY-02A pit to new AZ valve pit. New AZ valve pitto 241-AZ-01 A pit,

The wave velocity crezted from zn Instantanzous closing valve will be determined from the methods given inrefer

! .
o f55)
E e 5 (reference 1, ¢q 5.18)

—— _BEST AVAILABLE COPY
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. . . . ‘Cile N, 031X126-P03
Fluor Daniel Northywest : poion 0
PajeNe. 3of 9
‘DESIGN ANALYSIS s
Clieat NHC : Woiob o, 65100501 051X126
Subject Pressurs surges due to waste translers between fmn 241.ANto 2 Dats 72758 By RTHallum
A2, 241:AZ 0 FC, 00 MLAY 10 241-AZ. . wkd § 13198 3y
Locstion Richland, WA Rotied £ 7/ By, d
Where:
a=wave velocity, Usee
¥ = gravitational constant, 32.2 ft/sec? -~
- 8G = specific gravity
p = weight density of fluid, 1b/f¢ :
X = bulk modulus of comprcssxbxht) oflxquxd psi (reference 1, pg S1)
=300, 000 psi (rcfcrcncc 1,pg 91) .
D = pipe inside diar
=3,068"
¢ = pipe wall thickness, in
216" (reference 4) -
C =restraint condition (used case b for pipes mchorcd inst longitudinal strais) (reference 1, pg 94)
C:s ! [(!- )*2—(]4:}.)(17-—)}'
e D
1e—
(-3)f
C=1,033

Where it = 0.3 (Poison’s Ratio for steel) (reference 1, pg 91)
241-AN 10 241-AP Wasts Transfers

Datermine the wave velocity for waste being transferred from 241-AN to 241.AP {522 table on routing and waste
characteristies above):

Convert d&isity of waste being transferred from AN to AP from metric to English units (grams/cubic cent

slug/cubic foot):
Density:x 0.00141- X . Density of waste being transferad,
cm’ H 0
. ﬁ; "
Vol_convie 3531102 Conversion of cubic centimsters to cubic feet,
o
Mass_coav:s 0.0485- ste Converston of Mlograms to slug.
S

32NN CTM CALGNNN

F-65




HNF-2941
Revision 0

- . Cile. No, 051X126-P-03

Fluoi‘_ Daniel Northyvest b
' DESIGN ANALYSIS P, 41 9

climt NHC : WOsob Na. 65100501 051126

Subject Prdssurs surges due b waste transfers between from 241-AN 10 241 Date 727758 By RT.Hallum
AZ,241-AZ 10FC, 108 241-AY 19 241-AZ, ekt £ 1 5

Toestfon Richlind, WA Revbed [/ By

D".sxty}»/ass con

Deasly g Vol _conv -

Densityany =2.735'£’ig

PR

2,735

{ +[-(iﬁ)ﬂ~ 2088 4 o‘sH

(27.6-10%) 144 216

2=

a1

3
a=3.691410° fyfsec (wave velocity)

Determine the increass in pressure from instantaacous valve closure for waste teansfers from AN to AP:

B

Where AH is the increass in pressure head from the valve closure and v is the ch.angz in velocity of the fluid
(reference 1, equation 5.4).

o (i"_"'_‘)-p :
Prassure surge deviation from normal in fest of fiquid,

45=1.05310" " g oF tiquid

Orp, = 1032 frof iquid - 1.41 + 433 = 630 psig increase in pressure due to water hammer. .

Determine the increase in pressure from a slo‘\ closing valve for wasts trans fers from AN to AP, Slow closing will bt
defined 25 2 closing time equal to one wave cycle (the time a pressure wave travels to the other end of the p\pdmc and
retumns 1o the closmg valve),

B Lor LTI T CALCNTY

F-66




HNF-2941

Revision 0

Fluor Daniel Northwest
DESIGN ANALYSIS

Cule. Mo, 051X126-P.03
Reviien O
PrzeNo, 5ol 9

Client NHC WO/jeb No. 65100501 051X126

Subjeet Pressute surges due o wasl translers between from 231-AN 10 241 Date TR27/58 By RT.Hallum
AZ,231.AZ 2 PC, aad 24 LAY 10 241.AZ. Chesked [ 1 . By

Le<ation Richlsad, WA Retied [ [ By

-

T 2.£ . (reference 10)
a .

Whare;
© = Wave cyclé, sseonds

%= 1.5 seconds

Find the wave cycle for the transfer line from 241-AN to 241-AP:

L = Pipeline Jzagth, ft (2,800 feet for AN to AP translers)
R 2 = Pressure surgs wave velocity, f/sec (s2¢ above celenlations)

ressure surge for various time periods based on the wave cyele:

s rpsl (selerence 6)
(alry .
2af3 .
Where:
py= Pressure surge from slow closing valve, psi
L = Pipeline length, ft
a = Pressure surgs wave velocity, ft/sec
i=Number of wave cycles
- < =Wave cycle, seconds
—_— . p,=DPressuze surge calculated above in psi (from instantaneous closure)
Results: i 7
[N O
EX T ETE
i 210
5} 57
5] e
CF I T
S €O
8 79
—  —
19 ] 1 70|
10 63

DU (AN CT CALCINN

F-67




HNF-2941
Revision 0

: . . . Cela.No, 031X126-P-03
Fluor Daniel Northwest : g

DESIGN ANALYSIS . PuzeNo. 6ot O

Cliest NHC WOob No. 65100501 031X128
Sebject Pressure surges due 1o waste transfars between from 241-AN to 241- Date 7288 8y R.THallum
AZ,241-AZ 15 PC, 10d 241-AY 10 241AZ. Chesked 1/ B
Location Richland, WA : ) Reised 1 4y

41-, h Waste Transfer . . . .
Determing the wave velocity for wasts being transferred from 241-AZ to the PC (se¢ tabls on routing and waste
characteristies above): -

W tem

2]

2,423

2z

. [“[_(_(s_q_oﬁii_i‘ﬁ.;.on”

27.6-10%) 144 216

-

235210° ° geee

Determins the increase in pressure from instantaneous valve closure for waste transfers from AZ to PC:

r o (3920).9

322

= 3
-~ sH=1085:10" fiofliquid

Or p,= 1096 ftof liquid « 1,25+ ,433 = 593.2 psig increass in prassurs dus to water hammer,

Determine the increass in pressure from a slow cloging valve for waste transfers from AZ to the PC, Slow closing will t¢
defined 25 a closing time equal to one'wave cycle (the time a pressure wave travels to the other end of the pipeline 252
rsturns to the closing valve); - . :

Find the wave cycle for the transfer lins from 241-AZ to the privatization contractor’s facility:
L

a

. T=2602 geconds

2

3DENT U RIR CT e CLEI NS
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Clisnt NHC .
Subjest Pressure surges due to waste translens between from 24 L-AN 19241- Due 727058 8y RTHsllum
AZ, 241.AZ 10 BC, 1nd 241-AY 10 241-AZ, Gakd /1 ay
Loction Richland, WA . Redssd [/ By

Pressure surge for various time perods based on the wave cycle:

. 2pgl
Pt ——

13

ekt
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o
b

1o
o
~

(

o
w.

[

e
w
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psi, based on the number of wave cycles,

241-AY 10 241.AZ Weste Transfers ) .
The calculations to determine surge pressure wave velocity and increass in pressure from the instantancous valve clos:
-4 ideatical to the caleulations performed for 241-AZ to the PC (sc¢ 2bove). The diffarence between 241-AY to 24

on the Jength of the transfer routes which are the wave cycle time 2ad the pressure surgzs for slow closing valves.

Find the wave.cycle for the transfer lins from 241-AZ to the privatization contractors facility:

w i

]
i

¥=0357 seconds
Pressuse surgs for various time periods based on the wave cycle:

2pgL
Pi IF e—

aks

BO4OTA4T (¥29N) CT401 CALCILENE
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YWhere i = wave cycles and p; = pressure inerease, in

AZ

and 241-AZ to the PC waste transfers are the fength of the transfer routes. Below is the ealeulations which dre dependent
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Gt JHC : WoVlob No, 65100301 051X128

Subject Pressuts surges due to waste transfers batween from 241.AN 10241 Das 727793 By R.THillum
AZ,Z-H-AZ!O?C, and 241-AY 10 241-AZ. Chesked 3 13198 3y

Lecation Richlsad, WA i Retied 1 [ By
i P
- 593
2 297]
5 :
E
EI T
g [
N
S_ 74
- 5] {651
B 59 co : . R .
Where i = wave cycles and p; = presswe ncreass, in psi, based onthe
number of wave cycles.
Congclusions:
a¢ below:
_ Fluid Water Hammer  Increase in Pressure from Increase in Pressure
. Velocity ~ Pressure Wave Instantancous Valve from 2 Slow Closing 23
Routing SG  ({Vse) Velochy {{vsee) -~ Closure (psig) (2+) Valve (psig) (s2¢)
AN'to -
AP 1.41 9.0 3691 3320 315 3.0
AZto )
PC 125 5.0 3920 4042 297 . 52
AYto :
AZ 1,25 9.0 3920 3553 297 <071

BOANI (I T CALCILINE
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S _Desion Trart

author: Alen B Carlson et ~HANT 7620033
Date: 7/1379% 10:14 M
Priozity: Wommal

703
eled)
cCe
CC:
cc:
cc:
CC'

pandall T Hallum 2t ¥
Mazk W Maaderbech 2t ~
Ivan G Papp 2t R
Willfem L Rillis 2t
Brzian B Peters at =
Fony R Banegas at ~
Alan B Cerlson

/’)/

subject: Pa: Additionzl Scope Related to AN and AZ Assessments

- Messzge Contents

4 to AN and XI Assess

Reply Separator

Randall, . -~
I 2pologize for not zttaching the file the first time,
Alzan
Subject: Aadditional Scepa Rel
aethor: Alan 3 Carlson at ~KANTORDO33
cates 973375376107 2
Pandall,

willis, 2nd I discussad on ¢t
2n editorial chaage undexr the

tached s 2n electronlc vezsion ef tha wozk scope vwhich you, E‘u
fe

n of Thursday 7/9%. I have rads
2t Loss Through Routes scope to

state. that tespesature drop rather than heat loss caleclations heve
bzen compl e,ed... 7hls zeZers to the Set ¢f calculatlions provided via

nlso,
P
the ve‘oc'ty of wave propagation.

azsation at the =

Thanks,
Alan Carlson

ndar the water haxmer
for the slow closing valve hased en

ting Thuzsday I ant
tion of 211 the wor

= section I
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Additionz) Scop2 of Work - FDNM Support of AN znd AZ Farm Asszssments

. Hast Uo/Heat Loss Through Routes

Temperatura drop celeuletions have been completed for weste treasfers (see
attached). Veriiy the previous celeulations bound the cases we are exzmining end
provids a writeup of the Tindings.

Calculate the time required to hee
conditions &nd specify tha intern2l pipe
Tha conditions to considsr shall b2 wast
pip2 within a 6" pipz. The 3" pipe ster
500F. The wizste lowing threugh the pip
Assume 2 constent tempereture boundzry o
center of tha pipe.

Up the trensier pipe to sisady stete

t he steady stete conditidn,
400C (1040F) through a 3"
roround tempsrature of
roulent w2ll-aixad flow).
ut redially frem the

o c

Viater Memmer Calculations

.

N

Prepera three sepirete water hiansr celculetions Tor tha wisis fesd dalivery
trensters (1) froa AN to A? farm, (2) from £1 to ths high level weste vendor and (3)
From AY to AL ferm. The celciletions shell consider two different ceses Tor the
trensfers: a rest closing valve end 2 slow closing valve, For ths slow closing
valve cese assuma thzd tha time to close the velve is two times the pip2 time
pericd. The pipe srfod s equal to two times the Yength of the pipe divided
by the velocity © propagzticn, The vzlva sh2ll ba essumed to b2 loceted at
the end of the trensfer linz, - .

For AN trensfer to AP witer hzamer calculziions the caleuletion will be based
04 the treasier frem A-105 to £2-102, The weste Tor AN trensfers shzll assume 3.
density of 1.41 ¢/cc. Fluid flow retez of 140 gom &nd 210 gom (neminzlly 6 7t/s and
9 Tifs respzctively). Trensfars ara through 3" SCH 40 carbon stezl pipa.

For AZtrensfer wzter hammer c2lculations the celculation will b2 based on the
trensfer frem AZ-101 1o high 1 wzste vendor end AY-102 to AZ-101. The waste for
A7 trensiers sh2ll essume a daasity of 1.25 gfce, Fluid flos rets of 140 gpm and
210 gom (nomin2lly 6 §t/s and 9 T1/2 respactively). Trensfers are through 3" SCH 49
carbon stesl pips. i :

Evaluziion of Line Drzining (Hvdrezulic Dizorems)

Revigw tha existing tenk pits end velve pits in AN and AL t:
K-2-71885 Tor A1 Ferm) end pleansd routzs for wiste trensfers inc)
propossd trans
idzntivied und

A hydreulic dizgrzm shall be prepared Tor AN Yerm showing the elavations
associated with wiste treasfers from £N-102, AN-103, AN-104, AN-105, AN-107 to both

F-72
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FHeelmenT
o5ixsz é~/)/’- o7
- AP-102 &nd AP-104. Tha diagram should show elevations of nozzles in ezch fr.énsfexj
route 2nd specify the Jocation of tha high point of each trénsfer route. .

A hydrzulic dizgrzm shall be prepared for AZ farm showing th elevetions
gssociated with waste transfers from AZ-101 and AZ-102 to the private vandor.
Additionally, the hydrevlic dizgrem shall show the elevetions associzted with
transfer route from AY-102 to AZ-101 end Trom AY-102 to AZ-102. Tne diegrem should
show elevations of nozzlas in each trensfer route znd specity the locetion of the
high point of each trensfer I‘OULE

&n exzmple hydreulic diggrem is provuﬁ =d in drcmng D153A frem HNF-2500, Rav,
0., Darren Dixon will provide CAD support Tor drawing of the diagrc ms .

" Eveluztion of Vantilstion Cond—nsanow Routing

" feview the existing vantilaiion condznsetion routings for AY 2 .d Z tan
Tarms. Id=ntify the routes end receivar tenks Yor collected condens:zte bo;h AN
and AZ tenk farms,

A drawing shall b2 prepered for AN ferm showing the condensition routing
associeted with esch tank ventiletion sysiem (end eny othar sources of condansate)
in AN Ferm. Tha drewing shall idsntify whether the condznsate linss ezre single or
encesed linss, A written'description of the Tinding shall be completed.

R A drawing shall ba prepzred Tor AZ farm (end AY ferm connsctions as well)
showing tha condznsation routing essocieted with each tenk vantiletion system (and
zny othar sources of condenszte) in AZ Fzrm, The drawing shall identify whether the
condenszte Tines ere single or encessd linss. A written dascription of the finding
shall bs completed,

Identifv Trenster Poutes dhich Nzzd to ba Plucczd or Abzndonad

Identify nozzies which will not b2 nszded during p asz 1 privetizaiion for eny
transiers. 2 nozzlzs should b2 plugesd to reduce tha risk of misrouting during
»,ran;.:r —HNF- 2834 Rev. 0 evaluztes nozzles Tor blenking.

-—l

Corrosion Peguirements end Mzteriels of Construction Evaluztion

Thare h2s bzen &n or,co.ng discussion re:ardmg the rezd for using inhibited water
(definzd as rew vater that coatains et least 0.01 M Nz0H end 0.011 M KaN02) to flush
tha pipzlines Yollowing wzste trenst ‘rs bstwezn tanks. The retionz) for the use of
inhibited wzter is the resulting reduction in corrosion of th2 trensier piping

_ relative to tha use of plain rew water for flushing. The volums of {lush wzter will
renga Trom 1-2 pipsline volumes,

Tha {ssus to b2 rasolvad, is wheiher or not the use of inhibited witer provides 2
reeningful corrosion reduction. IT inhibited flush wzter is ¢z zd to bz
zpproprizte, devalop specific requirements for both cerbon stes) pipelines
(currently existing) end Tor the stainless ste2l pipslines that Project W-314 s

F-73



HNF-2941
Revision 0

Fa;e3l
N AHAcln‘-cn—lL
) 0‘5/35/24 -r7-03
.planning. = : 754

Expected Product: A defined fequirement relative to the use of inhibited water for
tlushing of carbon steel and stainless steel transfer Vines with a dafensidle
technical jJustification. -
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1.94 % 3
3 x10° x 1

Case (a) % change in water volume = IOO-E;{;: = 100

= 52%
The remainder is in pipe steetching = 48%

1,94 % 34482
Case (b) % change in water volume = 100 3% 10 3 i = 5}%
Tihic restainder is in wall stretching = d’l%
1.94 % 2712
3% WX (44
The remainder is in wall steelching = 49%

Case (¢) % change in water volume = 100 = 51%

5.3 WAVL SPLLDS IN OTIHIR TYPLS OF CONDUITS

The simplest case of thin-walled pipes has been vsed previously to derive
cquations for wave speed, 31 is obvious that many hydraulic conduits are
canstructed of thick-walfed pipe and oftea using two or more materinls
{reinforced concreic), Also tunncls may be carved in rack, lined with steel,
and back-filled with concrete, Tt is necessary to be .IML to calenlate wave
speeds in all (hese cases,

A concise suntanry of the calendation of the wave ﬁpccdt for the:
is given by Malliwelt [....] The most obvious extension of the previons ex-
ample of thin-waticd pipes is to thick-walled pipes. In a thick-walted pipe,
the wall thickness is so great that stress varies noticeably between the inner
aad outer surfaces and this affccts the expression for wave speed. An duilysis
reveals that we may continue ta use the same basic form lor the wave speed
equation, but we must find a different value for the C in Equation.(5.18).

* Thick-Walled Pipes

Summarizing the results for thick-walled pipes for the same restraint con-
ditions as before witlt £ as the inside diameter, .

Case (a)—For pipes free to stress and strain both Jaterally and longi-
sudinally (anchored at only one point)

o) eseen(og)] e

A Timiting process shows that as e/D — 0, this equation degencrates to
Equation (5.19a).
Case {(h)—"Vor pipes anchored against longitudinal strain

Tuastic THeory 95 -

C= [(1 - |-.’) “+ 7. (1 + ;x)(l + )] (5.200) |
145 b
D
Case (c)-—TFor pipes with functioni: T joints thr ‘;' their
length
C= ! [l + 2—-(1 + ,\)(1 + )] {5.20¢c)
1+ s .

As in case (8), both eases (b) and (c) degencerate to the llun-\vallcd
pipe values when /D — 0. .

The question arises as (o when the more complex thick-walled formulns
should be applied. For deciding, it is helpful 10 examine the plot of these
cquations in Figure 5.1, To assist in making this decision, consider the un-
certainties of pipe restraint and its ¢lfect on wave speed, Figude 5.1 shows
that uncertainty with respect 1o the type of restrainl occurring can cause
differences of about 10 percent between C-values at the two extremes of

« sestraint, 10 we accept a similar error in deciding whether to use thin-walled

or thick-willed farmulas, then a Dle value of 20 is an approprinte dividing
line. If, however, we decide to remove as much uncertainty as posnblc \hcn
the thick-walled formulis should alwaysbe used. The additi .
rcqumd is unrhb\lvtc. In a4 practical scasc though, becavse of lln: relative
size of terms in the denominator of annnon (5.18). uslng lluanvwllcd
farmulas beyond Dfe values of 40 g , makes no signifiea

ment in the value of the wave spccd excepl in cases wliere sofier prpcx such

as PVC are uscd, It should also be noted Ihal using the thin-walled formulag .

leads 1o higher (more conservalive) wave speeds. T'o sce the effect, consider
the (ollowing cxample.

Example 5.2, A sieel pipe 10in. in diameteris used to convey water between
two reservoirs. The inside diameter of the pipe is 9.522 in, and the wall
thickness is 0.23% in,

Compute the C-values and wave speeds using both thin- and thick-
walled formulas and compare results,

Wave Speedd (fps}
Error ]
Resteoint Thin-Walled Thick-Walled (Dle = 40)
Case (3) A 3999 0.6%
Cuse (b} 1047 4021 0.6%
Case {¢) 3994 7 0.6%

Y22
-22r x50
YLy

0 UoIsIA9y
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presence of any frec air in the sysiem can be considered an unforeseen, but
fortuitous, occurrence, at least in the seasc that it reduces K. -

In the limit the pipc can become complctely rigid without causing the
wave spccd 1o become infinite. This limiting value is obtained by p1ssing E
to « in Equation 3,18, With llu. nomunl valuc of K = 300,000 psi, the

Iting wave specd is apy ly 4720 fps. This number has no pr'\cm:'\l
value in dcsu;n beeause it is [ar too high to serve 2 'lsjcvcn an approximate
wave speed for preliminary design, With cven a fimited amount of éxperi-
ence, the designer can make far better estimates for wave speed in the pipe

hc or she is working with,

1
5.0, As an il of the clastic deformations and pressure
head changes caused by a water hanuncer situation and the effect of restraint
on wave specd, the follawing problem is analyzed

* ol

g, EL-NGL

200"

J

Flow in the 24-in. pipcline above occurs at a velocity of 6 ps, The
pipetine is fabricated of steel and has a wall thickness of 0,25 in.
a, Calculate the wave speed for all thiree cases of restraint.

4720

m 24
;53 (M ~0.30)

3413 Ips

Case(n) am

3
4720

Case (b} a = VW@ 3448 Ips

4720
Casc(c) n= R o B (ps

"In a practical sense, the dilferences are negligibe.
b, Find the head increase resulting from sudden valve closure for all
three cases ol rcslnml

Case (a) ANl = -3——2 X6 =661t

Lasuc Taitcory 93

3448 :
Case (b) Al! =55 X 6= GA2 M1

Case ()

The variation in head increase among the three cases is about 2 percent.
¢. Compute the axinl and circttmferential pipe wall stresses before and
alter valve closure for all three cases of restraint,

200 X 62.4 x 24
4 X 2 x.25
= 2080 psi b

Bary = Qx%% = 13,230 psi, Aar, = G615 psi

Alter oy = 0y 4 Aoy = 17,390 psi, oy = 8695 psi

Casc (b} Before oy = samc as above, oy = jeoy = 1250 psi

Aoy = same as above, Aay = pAo, = 3970 psi
Aftecr oy = same as above = 17,390 psi, oy = 5220 psi

C'm: {c) Belore oy = same as above, o = 0

Awy = same as above, Agy = 0

Aller  ay = same as above = 17,390 psi, oy = 0

Case (a) Defore ¢y = = 4160 psi, oy = 1720

<. Caleulate the percent increase in diameter of the pipc caused by
sudden valve closure.

. .
10022 & 1008¢, = 11959@0, - nhay

D

Case (a) % change = (13,230 - 0.3 % 6615} = 0.037%

30 s 10‘

Case (b) % change’ = o 30 % 10" (IJ 230 ~ 0.3 x 3970) = 0.040%

Case (€)% change = (13,230 = 0.3 X 0) = 0.0415%

30 % 106

This result substantiates many of our. previous. assumptions used m\°\
~3

acglecting small terms.
c. Caiculate the percent of the water entering the pipe during wave
passage which can be attributed to pipe stretching and (o watcr compression.

<

]’uﬁl«l/p‘;#y

w
<
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~
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-Now conudcnnn conservation of mass, we already have l:qmuon (5.5) ex-

prcssmg the amount of mass which has accumulated in the BL pipe scction
in 8¢ scconds. We can write a different expression for the mass clnngc in
the 5L pipe seetion after wave passage. The mass change in the section is

5M = (p.+ Sp)(ABL + §V) = pASL

ion (5.5), expanding, and dropping small

1 this expression with
terms gives

BpABL + pbY = A,,Avﬁnli (5.15)

To arrange this cq\nnon in morc uscable form, note that for a mass of
given sul an ing causes 4 d in volume and an

increase in density.

p¥ = constant |
Vop + phte= O
N 5
B ema
P _VP
Substiniting Equation (5.6) into this cquation gives

' ap
)

Reptacing &p with ya /! in the preceding cquation, substituting it and Equa-
tion (5.14) into Equation (5.15),

1 1=\ D ﬂéz
YA”[E -l'( -4 )e] a

Combining this equation with Eq {5.4) gives

1 Df1-
s FL4 Dol A | BT
"IKJC( £ )]

or in a more conventional form for wave specd,

(5.16)

Kip|»?

A 547
) [I |£2([_.“ .]

<7 (case b)

Gasnc Tigory. N

ft is now possible for us to compute wave speed and pressure. mcrc‘\sc
in simple situations where Equation (5.4) can be uscd,

Streeter and Wylie {1] have shown that the equation for wave speed
can be more conveniently expressed as

PR (10 o AT

| 2ol

where
C = 51 - for c.:\sc (a} restraint ' (S.‘l‘):\)
C=1—pd forcase (b) restraint, (5.190)
C = 1.0 for case (c) restraint (5.19¢)

Recall that this set of equations applics only 10 thin-walled pipes where
Dieis Lcncnlly greater. than about 40 (su: Scction 5,3},

“T'o assist in calculating wave speeds i in prpcx cons!mclcd of common
matgrials, the following table of B-val 1y ded, The value
of X for water can be taken as approximately 2\00,000 psi. While some
references cite values ranging as high as 320,000 psi, the value of 300,000
psi seems to represent an average figure, {t should be noted that a small
amount of free air suspended as bubbles in the water can drastically reduce
the K-vatue {stc Scction 5.3). However, cvalualing the amount of air, its
distribution, its pervasiveness, and the cxact elfect on K is most dilficult.
Conscquently, in the design situation, the larger conservative value is gea-
crafly used beeausc it predicts the most scvere water hamaier pressures. The

TaMle 5.1, . Moduli of Blasticity and Poisson's Ratio for Common Pipe Materials
Stcel E = 30 x 10" psi o~ 030
Ductile Cast ron E w24 x 10 psi 1~ 020
Copper 1= 16 x 0% psi o~ 036
Drass E = 15 X 10* psi o034 Q
Aluminun £ = 10,5 % ID psi e~ 033 [
PVC E =4 % 10 psi B~ 045 I
Tiberglass reinfosced phastic (FRP) £, = 4.0 % 104 psi = 0.27-0JO\.,\ <
. . . Ey = 13 % 10¢ psi iy = 0.20-0.24 '\7';’
Asbestos Cement E w34 % 108 psi 1=~030 A
Concrete £ = 51,000 VJ; = 0.24 (dynamically) D
where f3 » 2R.day strenpihy, :\

0 ToIsIASY
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TABLE C-6 -
CITY, U.S. UNITS, FOR METALS

A’.{:\L[.f-\~-\"{
osIX12¢~ /o3

: s
A& L 530906 Ecivion
/’7 /0

E m Modulus of Elasticity, Mst (Millions ¢f psi), 3% Temperature, °F

—425 ~400 ~330 325 200 -)20 70 200 300 4CO
Ferrous Metals
Gray east iron ven Lo 1340132 129 126
Casten stezls, € £ 0.3% 319 sen 314 308 362 235 238 283 277
Carbon sitels, € > 0.3% 317 eeet 312 308 300 293 226 281 275
Carbermtmoly staals g e 311 305 29.9 292 235 23.0°-27.4 -
. - . -
Nicke! steals, Ni 2%-5% 301 e oo 29.6 29.1 238 278 271 287 253
CeaM3 steels, Cr3s%-2% 32 e e 310 304 297 29.0 2385 2L.%
Cr=Ma steals, Cr 24 %-2% ERRY e 328 320 34 306 298 294 288
Cr-hlo sizels, Cr 5% 9% 334 e cee 329 °© 223 3T 309 301 297 290
Cr12%,17%,27% e cee e 312 307 331 272 285 27.9 273
(TP304, 310, 318, 321, 347} 308 s e 303 297 230 233 276 27.0 265
Cogper and Copper Alleys {UNS Nos)
C;t.' , and Jeadad-Sn bronze {C83500, 92200} e “ee e 128 12,6 144 180 137 234 132
Naval brass, Sk & Al-besnzs (C45400, €63500, e oo ceer 158 1586 154 150 146 1344 12
95200, 95300}
Cozper (C11000} e ces cer 169 65 158 150 156. 154 15.0
Copser, red beass, Al-broaze (£10200, €12000, coa con cer 3.0 17.7 175 T17.0 164 163 180
€12200, C12500, €14260, €23000, C61400)
HOCL-20NT {C7£500) e oo “es 150 13,7 135 180 176 273 169
Leaded Ni-bre: e oo e 201 158 136 130 135 132 179
£0Ce-20N7 {£21000} oo Tee e 212 20.8 236 200 195 3192 188
TOCu=30Ni (C715¢0) e e or 233 2249 .27 220 215 213, 207
Nickal 2ad Nicksel Alleys (UNS Nos.) .
Morel 400 NO3200 233 e 27.8 27.3 258 250 254 250 2:.7
Alleys HO6007, 803320 303 oee 295 29.2 236 278 271 257 264
Alleys K08309, NO2210, N96902 na e 308 29.9 W4 235 278 274 272
Alicys NOS4SS, 15276 325 . ... 3Le N3 336 298 291 2846 233
Allays NC2229, K02201, No4628 - 327 e e 321 - 315 339 3307 293 208 238
Alfey NO5ECO 338 ves e 332 326 3L 310 302 29.9 295
Altey N100GL 339 cee oo 333 327 320 311 303 299 298
Allzy N10665 332 ree e 333 330 323 34 206 301 298
. _2
Uaalloyed Titanivm H
Grates 1,2,3,25d 7 e cee e e e o. 355 150 1486 120

242
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- PIPE DATA
Carbon and Alioy Steel — Stainless Steel
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F.2.5 CALCULATION OF TRANSFER LINE HEAT UP/HEAT LOSS
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F.3.1 ELECTRICAL DISTRIBUTION SYSTEM - DAPPER MODEL RESULTS
. ' (TO BE PRODUCED)
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CORRES?ONDENCE DISTRIBUTION COVERSHEET

Authot Addtessee Conespondence No
M. W. Manderbach 1. G. Papp CO-98-TWRS-391
August 13, 1858

susjet  TASK ORDER 44-10-02, PREPARE PIPING AND INSTRUMENTATION DIAGRAMS

INTERNAL DISTRIBUTION
Name : Location ) wiatt
Fluor Danief Northwest, Ing, .
Bowman, M. J. G3-12 .
. Manderbach, M. W. B84-57 - . X {summary results only)
- Newhouse, R. K. G3-08
Steen, R. 7. : B4.57 .
LMHC Project Files B4-57 . X (on disk)
Xh: Marin Hanfor 1D,
Cortez,L.N. H7-08
Numatec Hanford Corporation .
Carson, A. B. H5/49 (summary results only)
Papp, 1. G. (Original) ‘H5-49 | - X
Peters, B. B. H5-03 {summary results only)
E-2 Consulting Encineers
Poe, J. ’ 1201 Jadwin X (summary results only)
Eali -

T

(POC: Sue StMary, 376-0941, B4-57) |
i

F-84



HNF-2641
. Revision 0

%

ELUOR DANIEL NORTHWEST INC.
- 1100 Jodwin

PO. Box 1050

Richlond, Woshington $9352:1050

August 13, 1988 - LMHC96W0-0006
: CO-58-TWRS-391

Mr. L. G. Papp’

Numatec Hanford Corporation

P.O. Box 1300

Richland, Washington £9352-1300

Dear Mr. Papp:

TASK ORDER 44-10-02, PREPARE PIPING AND INSTRUMENTATION DIAGRAMS
Response Requested By: N/A

Responds To: N/A

Enclosed is a load flow and voltage drop analysis of 13.8 kV line number C8- 16 which provides electrical
power to the tank farms in the 200 East Area. The analysis evaluates the effecls of running nine mnxmg
pumps snmullaneously and slamng nine mixer pumps simulianeously.

Please feel free lo contact Ke»th_Newhouse at 376-2392 or myself at 373-2198. if you have any questions.
Sincerely, ' ’

/ e

bbb —

‘M. W. Manderbach R
—Pm;ecl Manager s
. . =T N

MWM:sst

Attachment

¥
©“*
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“ DAPPER STUDY OF 13.8KV LINE C8-L6

Description of Study _
Line C8-L6 originates at Substation 251-W located north of the 200 East and

200 West areas. It travels east and southeast to the 200 East Area, continues
southeast toward the east side of 200 East and then turns south to the general.
area of the Purex plant. This portion of the line is constructed of #4/0

‘copper. The line is tapped west of the AN tank farm with a #2/0 copper line

which then splits into a #2 ACSR (aluminum conductor, steel reinforced) branch
that serves AN and AZ farms and a #4 ACSR branch that travels south down
Buffalo Avenue and then east to serve AY, AW, and AP tank farms and other
Joads in the vicinity of the 242-A evaporator, Purex plant, grout vaults, and
points east. The line was modeled Using SKM Systems Analysis, Inc. DAPPER

. software in order to evaluate its performance under various loading :

conditions.

The 251-W bus voltage used in the studies was 1.07 per.unit, or 14,766 volts
as was recommended by DynCorp Electrical Utilities group for DAPPER studies

that were previously performed for lines C8-L5 and C8-L8 in support of the -
Project W-505 CDR. i

ANSI Standard C84.1 requires that electric supply systems (utilities) be so
designed and operated that most service voltages will not be less than 13,460
voits for systems with a nominal voitage of 13.800 volts. This represents a
maximum voltage drop of 2.5% for the purposes of the DAPPER analysis.

The basic model represents the 1ine in its present confiéuration; Toaded to

‘conform to Electrical Utilities' historical watthour meter data for the last

two years, and with no mixing pumps in operation. Under these conditions the
voitage drop in the vicinity of the tank farms is less than 1%.

Another model was created (by copying the electronic file for the basic model
and adding data) by adding two 300 HP mixer pumps at AZ farm, four 150 HP -
mixer pumps at AY farm, two 300 HP mixer pumps at AW farm, and one 300 HP
mixer pump at AP farm. These pumps were modelled as if they were running at
full speed with all other loads the same as modeled in the basic model. Under
these conditions the voltage drops on the secondary (480 voli) sigés—of the
transformers serving the mixing pumps increased to approximstely 7.5%.

A third model was created that is the same as the second model except that in
this case the mixer pump motors were modeled as starting rather than running
at steady state. Starting currents vere taken as 150% of full load amperes
because the motors will be controlled by variable speed drives (VSDs) whose
output current is limited to 150% of normal. Under these conditions voltage
drops increased to approximately 15%.

Discussion

As may be seen, the voltage drops resulting when all the motors are running or
starting exceed the value allowed by ANSI C84.1.
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~ Motor starting is a fransient condition and the C84.1 allowable isn't really
relevant, the primary concern being whether the voltage will be adequate to
actually start the motors. 85% of nominal voltage probably is adequate to
start the motors, but what the motor actually sees is dependent on the
characteristics of the YSD controiiing it so this situation is beyond the
scope of this study. It does not seem credible that this event would ever
occur anyway.

DynCorp Electrical Utilities group requires that service transformers be
procured with adjustable voltage taps and so it might be possible to reduce
the voltage drops at the transformer secondaries to about 2.5% by adjusting
the taps. However, this would not bring the service voltage into conformance
with ANST (84.1.

Some improvement in the voltage drops could be achieved by replacing the

#4 ACSR portion of the 1ine with larger conductors, but the gain would not be
sufficient to bring the system into conformance with code because most of the
voltage drop occurs in the #4/0 copper portion of the line between substation
251-W and the tap west of AN farm. Rebuildging that portion of the line with
larger conductors is probably not realistic since it is several miles long. -

Probably the best solution would be to disconnect AW and AP farms from line
.C8-L6 and connect them to line C8-L5, which is very similar to Tine C8-L6 but
has very 1ittle existing load. Line C8-L5 presently exists adjacent to AW
farm and the work described in the W-505 CODR includes disconnecting the
portion of Tine (8-L6 east of Canton Avenue from line C8-L6 and connecting it
to Tine C8-L5 (this includes the AP farm tap). Thus, 900 HP would be removed
from 1ine C8-L6 and relocated to line C8-L5. If two of the postulated mixing
pumps were in AN farm instead of AW farm, AY farm could be connected to line
C8-L5 without great difficulty. The appropriate solution is dependent on what
effect recent changes in strategic plans will have on the waste transfer
schedule. In accordance with the Project W-505 COR, Tine C8-L5 will be used
! to supply power for construction of the private contractor's plant, so that
may affect the availability of the 1ine for the use of the tank farms.

Line C8-L8 also exists in the vicinity of the PUREX plant and the Project
W-505 CDR includes extending it east to the private contractor's plant to
providesbackup construction power. "In accordance with the Project W-519 CDR
it will also supply power for pumping from tanks 106-AP and 108-AP-tg-the
private contractors' pilot plants. It has less capacity than lines C8-L5 and
C8-L6, but it presently has no load.

If the-possibility of transferring loads to Tines €8-L5 and C8-L6 is to be
considered, the DAPPER models of these lines that were created for the Project
W-505 and W-519 studies should be updated and refined to permit evaluation of
the waste transfer scenarios that are postulated.
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200 East Line C8-L6 Studies

PURPQOSE

To study the impacts of simultaneously starxting and running 5-300KP and 4-
150HP mixer pumps located in Tank Farms AY, AZ, AW, and AP on the 251-W
substation 13.8 kV line C8-L6.

METHODOLOGY :

An SKM PowerTools for Windows (PTW)} line C8-L6 one-line model (C8l6oxg) was
created utilizing the data found on the Essential Drawing H-2-818278, Sheet 5,
Rev 2 & Sheet 6, Rev 6. The line segment impedances were validated for
accuracy and found to be correct with the exception of the parallel segments
of #4/0 cu. The actual impedance for these parallel segments is a little
higher than originally calculated by Electric Utilities (EU}. The fault
calculations were run and found to be very close to those found on the
Essentlal Drawing. The values were a llttle lower due to the increase in
parallel line impedances.

A new C8-L6 model was created from a copy of C8L6org and was then updated to
include field verified transformer data, which yielded a net gain of
approximately 6.8 MVA of additional loads and other corrections. It was then
load factored to reduce the connected load (26,660 Kva) to a level consistent

‘with its metered two year monthly maximum demand data. The average over a two

year period to date, was 4300 kW (4778 Kva @ 90% PF). An energy audit load
diversity factor of 20% yielded the closest results to the average monthly
maximum demand, which was 4783.6 Kva at 94.5% power factor (200.1 amperes @
13.8 KV}. ’ '

Two study models were then created from this C8-L6 model to include the AY,
AZ, AW, and AP tank farm mixer pumps and two additional transformers. These
models were C8Lémr for all mixers running, and C8Léms for all mixer pumps
starting. The analysis scenarios run were first a baseline (C8-L6) with no

* mixer pumps, second was all mixers running (C8L6mr) and third (C8L6éms) was all

mixers starting. In the mixers starting scenario, the starting currents were
limited to the VED 150% maximum values.

GIVEN INFORMATION AND ASSUMPTIONS:

The impact loads included in these scenarios are all located on the-line C8~L6
fused switch C8X11ll tap located west of Buffalo and north of MO-2%7AT " This
tap comes in as $#2/0 copper to Buffalo and ties into a #4 ACSR circuit that
goes south to the AY, AW, and nP tank farms, and 2 #2 ARCSR that heads east and
northeast to the AN and AZ tank farms.

The 13.8 kV driving voltage, for substation 251-W that feeds line C8-L6, was
set to 1.07 per unit, as recommended by DynCorp Electric Utilities.

The 1350 Kvar capacitoxr bank €5498, located north of 4th street and three
spans west of MO-405, was included as opexatlonal in all of the studies.

RESULTS AND CO\CLUSIONS'

The following table shows the two major weak points in line C8-L6, their

‘ respective currents and cable/wire ratings. Leaving the 251-W substation is

limited by the 15 KV, 500Kemil, copper, Anaconda EP insulated cable. The
File: Cc8L6.std Page 1
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200 East Line C8-1.6 Studies

switch C8X111 circuit is limited by the #4 ACSR runmning south down Buffalo
into the AY, AW, and AP farm areas. . )

251-W C8x111

Bus 6700 Bus 6720

Amperxes PF% Rating Amperes PF% Rating
Baseline 200.1 84.5 465 64.7 80.0 140
Motors » - . .
Running 309.89 84.0 465 118.81 79.0 140
Motors ' ’
Starting 339.29 62.0 465 ) 155.7 34.0 140

The Load Flow Study results, for the motors running, indicates that line C8-L6
13.8 KV voltage drops approximately 3.71% from the 251-W substation to the
C8X111 switch tap, and to around 5% at the AP tank farm. The bulk of the
voltage drop (74%) is in the #4/0 Cu line from 251-W to C8X11ll switch.

Increasing the size of the #4 ACSR on Buffalo will help improve voltage
regulation some, maybe .5% at AP.. The main reason for recommending its size
be increased to maybe #2/0 ACSR is for additional capacity, as the #4 ACSR is
being pushed to its current limit of 140 amperes.

Under normal loading conditions with no motors, the voltage drops at these
same locations are negligible.

’ .
Assuming full load conditions with the mixer pumps running and starting, the
table below indicates the 480 Vac voltage drops at the main distribution

- panels with the main transformer taps set at nominal:

AZ Tank Farm AY Tank Farm AW Tank Farm AP Tank Farm
Baselims — ©.32% No Xfmz No Xfmr .| =~_-.94%
Running ° 7.31% -7.33% 7.91% 7.15%
Starting 14.69% ? 14.62% 15.12% 12.55%

Increasing the Buffalo circuit to #2/0 ACSR will reduce motor running 13.8 XV
line voltage drop by approximately .5%. This will help decrease the 480 Vac
main distribution panel drops by approximately .5% to .7%.

File: C8L6.std. : Page 2
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F.4.1 ASSESSMENT OF AVAILABLE TANK CAMERA SYSTEMS
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July 1998 -

Mr. Ivan Papp
Numatec Hanford Corporation

Mr. Papp,

1 spent several years working with visual imagery, from designing systems for access into areas
where human access is impossible or has the potential for extreme danger, to the lighting requirements for
various atmospheres. I managed the Remote Surveillance group in Characterization Project Operations
(CPO) for the tank farms at Hanford, this was the group that introduced along with several other systems,
stereo vision into the Hanford tanks giving engineering management an actual three dimensional look at the
waste inside the huge Underground Storage Tanks (UST’s). This was especially helpful for sampling
activities, in discovering which areas in the tank had the waste in mounds and which areas were void of
waste, aiding in the decision of which riser to deploy through.

In this letter you will find some information on available camera systems on the market, and which
systems currently exist in the Hanford Tank Farms at the Department Of Energy (DOE) site in Richland,
WA. This letter also consists of my recommendations and the estimate of costs for deploying the cameras
already utilized at Hanford.

INTRODUCTION:

~ The Hanford Tank Farms have several mobile and permanently installed camera systems. The
permanent cameras with lights are installed into tanks 241-SY-101, 103, 241-AW-101, 241-AN-103, 104,
105 and *107. These systems have their equipment located at the specified farm where they can be operated
when the'need arises. The mobile systems are transferred from tank to tank as necessary by way of a covered
vehicle which carries all the essential equipment for operation.

SUMMARY:

The permanent cameras have been installed into the tanks through a twenty inch riser using a riser
adapter and placing it on the 42 inch opening. The adapter typically has three access ports, a twenty mch 12
inch and an eight inch port. These cameras have:a life of approximately two years at 200R/hr.

There are two color cameras with lights installed in SY-101 both on the same equipment, one is an
overview. camera for general viewing of the waste and tank walls. This system is installed into the 42 inch
riser number 5A which has a multi-port riser adapter on it with the camera system installed through the
twenty inch port . This system was installed due to the occasional tank “rollover”, an event which releases
trapped gasses under the waste, It was believed necessary to install a systemn that could be used at anytime
without tank farm entry (after initial installation), to observe these significant events. From the successes at
SY-101, other systems were obtained and justified for installation into other various underground storage
tanks.

The only documentation that mentions the use of permanently installed cameras has been written for
SY-101 which is not controlled by the Basis for Interim Operation (BIO), HNF-SD-WM-BIO-001. §Y-101
has it’s own specific stand alone safety requirements. The BIO however, does mention cameras, lights and
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other equipment necessary when there is waste intrusive work commencing in the tanks, these comments are
only for the safety aspects of the systems in preventing sparks caused from static, electrical or mechanical
means. There is no mention in the BIO with regard to specific size or installation method or whether the
camera be permanent, temporary or mobile.

See attachment “A”; “Item classification: Non-de minimus” appendix E from the BIO.

EXISTING CAMERAS / CONFIGURATION:

Below is a list of the tanks with 2 permanently installed camera system and their configuration. All
systems in flammable gas atmospheres must be qualified as class 1 division 1 group B.

SY-103, AW-101, AN-103, 104, and 105 have the same configuration as SY-101 as they also use
multi-port risers and are installed through the 20 inch.access port. The exception is the use of an overview
camera which only SY-101 has. SY-103 is installed into riser 5B; AW-101 riser 5B; AN-103 riser 5B; AN-
104 riser 5B and AN-105 riser SA.. AN-107 has an unqualified (does not meet the flammable gas
requirements) color camera system with lights installed into riser 7A which is a twelve inch riser. All
the tanks listed-above with the exceptions of SY-101 and C-106 are considered idle, or on “standby”.
Maintenance specifications for these particular cameras suggest that they be replaced / repaired annually.
Interviews with individuals working with the group assigned the camera replacement work allude to the
Maintenance Management Procedure as the document controlling that activity. The apparent lack of funds
for this preventive maintenance is what has caused their current “standby” condition.

Attachment “B” is a section from the Maintenance Management Procedure, included is a copy of a
message explaining why the cameras have been shut down.

AVAILABILITY:

There are camera systems with lights with the ability to be deployed through risers of less than six
inches and some in as small as 4 inches. These cameras would lack the overall lighting used on the bigger
permanent systems, though there are intrinsically safe lights available on the market which would still need a
twelve inch access port and with the camera in one riser and the light in another there would be adequate
resolution and two less risers available. CPO has successfully deployed both the light and the camera in the
same twelve inch riser allowing CPO sampling teams another option for access into the tanks by freeing one
other riser during filming. There are smaller diameter lights being developed to access a 4 inch riser and to
be qualified for flammable gas atmospheres with one thousand watts of high intensity lighting by the end of
this calendar year. These smaller diameter lights could possibly allow access by both a mobile camera and
light through a four inch riser again giving operating crews even more desirable options to access the tank.

The smaller mobile cameras also lack the shielding the larger permanent cameras have (which is
partially the reason for the permanent camera size) but, could be removed when not in use, thus potentially
extending the life of the system. The flaw with deploying and removing these mobile systems is that if work
was continuing on any of the tanks with trapped gasses the tank could not be opened during that “rollover”
event, therefore leaving the camera exposed to the radiation. The scheduling for deployment would also
have to be véry precise. '

FUTURE PROJECTS:
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Project W-151 plans to install a color camera system with lights into AZ-101 riser 16B fiscal year
1998. .
Project W-211 plans to install color camera systems with lights starting in fiscal year 1999 and
going through fiscal year 2001, beginning with AP-102 and 104, both into 42 inch risers numbered; O degree
riser 5, (the most northern 42 inch riser). By fiscal year 2000 current plans are to have a system installed into
AZ-102, and by fiscal year 2001 install a system into SY- 102 in the central pump pit using the same
configuration as SY-101.

Project W-320 installed a mobile color camera system with lights into C- 106 riser number 7, 2 twelve
inch riser. They are currently looking for another mobile system.

SCHEDULING AND COSTS:

Consider the cost of permanent cameras mounted into each of the 177 UST’s at Hanford, (this is very
unlikely) but, if the task were to arise for a visual scan of each UST the cost would be astronomical. Each
system costing well into the hundreds of thousands of dollars to purchase, install and operate not to mention
the time, scheduling, additional hardware such as riser adapters, configuration changes and engineered
drawings updated for each tank. These costs are also driven upwards due the severe requirements put on the
flammable gas tanks.

Mobile systems available today, deswned and qualified for the flammable gas reqmrements of the
Hanford tanks cost between twenty two thousand and 45 thousand dollars to purchase. Operations personnel
are already trained to operate two of these systems, procedures have been written and there are experienced
individuals in the use of these systems. When new systems are introduced operations includes the training in
their “Continuing Training” program which is required on a monthly basis to keep all persons who operate
equipment in CPO at the Tank Farms familiar with their roles and responsibilities.

Wally Kennedy Field Sampling Manager and responsible manager for the In-Tank videos for CPO,
gave me an estimate of one day of video inside an UST. This estimate includes a crew of approximately
seven tb 9 people, writing a work package, set-up of equipment at riser on tank, deploy camera and remove
equipment for roughly fifteen thousand dollars. A work package is only part of the initial costs and every
day thereafter could be as little as 5 to seven thousand dollars. (Contingencies of course are not included).
George Stanton Programmatic Manager CPO estimates that if given between 30 and sixty days that work can
be on the CPO schedule. (This also depends on time of year and strain already on the schedule of completing
any milestones).

Due to the costs, consideration to ongoing operations and the consensus from Tank Farm
management, several mobile systems could be purchased and utilized on a regular basis and on various forms
of tasks without depleting the options for Tank Farms Operations access into the tank while remaining cost
effective. .

RECOMMENDATIONS:

My recommendations are to use mobile camera systems for any projects requiring the use of visual
imagery during the particular activity as long as there is the option to have the camera removed from direct
radiation exposure while the project is in “down™ mode. There are advantages to having the larger shielded
cameras, though it is not necessary for those systems to be permanently installed,( potentially hindering
operational alternatives for deploying equipment into the tanks). An example of this; a project continuing
for an extended period of time without frequent delays. (The adverse effect of course is a larger diameter
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riser will need to be selected). Even in this situation it is highly recommended that the system be capable of
being removed, extending it’s life, while other accesses into the underground storage tanks remain available
for operations.

INTERVIEWS:

% Interviews conducted with operations management show a need to use visual aides during waste
intrusive activities, those visuals are required according the BIO, (as stated above). Operations agrees that
 the permanently installed cameras hinder the potential use of these risers in the future, (with the exception of
SY-101) and serve no practical purpose unless there is a mission for that specific tank. Leaving them to sit
and take a direct dose especially while idle is a mis-use of funds and equipment. Portable video systems
would serve the same purpose, can be removed and re-installed into another access port 6 inches to four
inches in diameter in a matter of hours allowing for more access into the tanks at various positions for other
-activities. : :
Attachment “C* has pictures of the permanently installed camera system prior to deployment, a
sketch of the camerasystem and where to find drawings and vendor information.
Attachment “D” is a sketch of the mobile camera system currently being used in the Tank Farms CPO
organization.

* The camera installed into 241-AN-107 has not been qualified for use in flammable gas atmospheres.

#% These comments are not quotes but, information gathered from the interviews. There is a mutual
agreement among operations management regarding the permanently installed cameras in the Hanford tanks .

Sincerel:ly, .
2o0.()

D'C Langlois
Project Manager
E2 Consulting Engineers, Inc.
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ATTACHMENT “A”
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ITEM CLASSIFICATION: MNON-DE MINIMUS

ITEX WUMBER:s 27 .

EQUIPHENT: Cover blocks, riser flanges, shield plugs, and tank installed waste intrusive and non waste intrusive
equipment iteas (e.g., thermocouple trees, steel LOWs, pumps, marwal tapes, FICs, ENRAFs, radar gauges, heated
vapor probes, MlTs, corresion probes, WTTs, water lsnces, void fraction meter, core sampling dritl string,
saltwell screens, dip tubes, camerss, lights, visccoeter, suger sanpler)

CATEGORY: Hechsnical Spark Potentisl «

used for various purpeses in risers and pits, or are equipment installed or removed in tanks to perform

APPLICABLE COHTROL HOT WET: - WHEH COHTROL NOT HET:
ics 2 #1 FG 1 Ex Tenk

FG 1,2 Dome Intrusive

F6 3 Dome Intrusive (LW, GWD)
- : ) FG 2 Ex Tenk (GWD)

Vaste Intrusive Regions

DISCUSSION OF FLAMMABLE GAS JCD APPLICABILITY:

These are potential mechanical spark sources during secismic events, large GREs, and during installation, removal,
or povement during use of various tools and equipment. Many are made of carbon steel, These items are inserted
jnto or attached to the top of a riser or pit opening, Where required by the Flamable Gas JCO, these itess.are
atso bonded. 1nstaliation, removal, and use of these items are considered routine operations., The risk of
pechanical sparks {s minicized by use of practical measures such as contretiling the rate of insertion or removal,
Konitoring is done during installation, removal, and movement, and these are stopped if required by flammable gas
levels. " - .

RISK ACCEPTANCE:

.S'ee risk scceptance writeup starting on next page,

#IMPACT OF NOT ACCEPTING RISX OF COMTINUZD USE:

Fecitity Growd 1 Tanks-Will shut down most pit or riser installation work and halt installation of equipment into
Tanks. L .

Facility Growo 2 Tenks-Will shut down meost pit or riser installation work and halt installation of equipient into
tanks. .

Ezcility Groun 3 or other Tanks-Will restrict or shut down all waste intrusive instatl{ations,and removals.
_ et

REQUESTED APPROYAL FROK DOZ:

1
Presence of non-spark resistent materiasls for: instatled equipment in locations and curing activities as listed
below. As this portion of the exception applies to the presence of installed equipment, no monitoring is
required by this pertion of the exception. . .

irstallation and removal or movement curing use of equipment fabricated from non-spark resistent materials hen
practical measures to control mechanical spark potential are applied and while perforning flanmable gas
menitoring controls (A as appropriate for the location and activity type in:

1) FG 1 tanks during Ex Tank activities

2) FG 1,2 tanks during Dome Intrusive activities :

3) 76 3 tanks curing Doom Intrusive lecal and glebal waste disturbing sctivitiss
L) FG 2 £x Tanrk regions curing global waste disturbing activities

S} Waste Intrusive Regiens .

DEQT £ !
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c. Hotion occurs during the \rs\a((anon of cq'.npnent {e.g., as it is lowered into the tank
Througa & 4 iecise foemuiesl anlisll e ee Uivelihand of 5 mechanical spark during
equipment installation shall be mcl\.ded in equipment design, work packsses, or
installation procedures séxm such oovement has significant potential to cause mechsnical
sperks. This can include:- liniting insertion spee& water bathing of equipment,
prevention of contact with cther nonsspark resistent r.a.erlals by use of collars or
tarpers, use of eritical 1ift procedures where appropriate. Gas monitoring during these
mamned activities is perferoed as required by this Jco.

d. Motion ocours during the reccval of equipment (e.g., as it is raised through a riser)..
Practical measures to reduce the likelihood of a mechanical spark during equipment removal
shall be included in equiptent design, work packages, or removal procedures when such
movement has significant pO'eﬁUal to cause mechanical sparks. This can inelude: llmtxng
recovel speeds, water bat.’nn, of equipment, preventicn of centact with other non-spark
resistent materials by use cf collars or burmpers, use of critical Lift procecures where
appropriste. Gas monitoring during these mamned activities is performed as required by
this Jeo. .

e. Motion can occur as pert of the operation of equipment (e.g., pshing a drill string/core
barrel into the waste, [snd through # riser), movesent of waste characterization saspling
devices such as retained gas sacplers, void fraction meters, viscooeter, auger sampler as
they are roved through the waste).  These cperations are generaily parformed mancally and
are limited to low velocities by the nature of the operation., Practical measures to reduce
the Likelihood of a mechanical spark during equipment movement shall be included in the
work packages and installation procedures when such movement hes significant potential to
csuse mechanical sparks, This can include: (imiting speeds, water bathing of equipment,
prevention of contact with other non-spark resistent materials by use ¢f collars or
bupers, use cf critical lift procedures where sporopriate. Gas monitoring during these
manned activities is perforoed as required by this JCO.

The risk associated mith continuing use of the tools and equipment is further reduced by performing — -
flamcable gas monitoring cf the work ares prior to and during use. This will include ronitoring per method
IA). See definition of tonitoring wetheds st the end of this section,

tWhen flammable gas levels reach 25% of the LFL, work ceases as raquired per the conitoring requirements of
this Flanmable Gas JCO. The National Fire Protection Association (NFPA 30, 1988) reconmends that processes
be controlled so that flamable gas concentrations are <25 percent of the low‘r fla-r.abxl):y timit (LFL),
when relying upon vapor space flammability levels to precludde the possibility of an ignition. DBOZ Order
‘5480,4 requires Hanford waste tanks to be eperated within NFPA guidelines, Thus, a control of <25X of the
LFL has been established for pe—forﬁ\ng sctivities in and around Tank farm facilities, Because of the
unpredictable nature of GREs, it is not pessible to ensure that 25X of the LFL is never excesded,

Procedures and controls are thus in place to mininire the potential for a tank to exceed 25X of the LFL, and
to cease work in areas coomon with the tank vapor space when the flacmable sas concentration exzeeds this
value, This 25X timit s far below the sctual linit at shich flaamebility cen occur, end is conservatively
chosen to allow for potentisl measuremen:.

Kenitoring is normally performed with a porrable CO¥. The COX is calibrated with pentane a'td resds high by
100% when monitoring for hydrogen in air, For conservatisa, no correcticn ieiiui 16 appiiz? in the field to
the COX reading when used for menitoring for persoanel protection. Thus a 25X of the LFL readmg on a CGH |
is actually 12.5% of the LFL for hydrogen in 2ir, but is treated as if it were 25X, Deparding upon the
concentration of the flammable gas constituent and oxidants (amronia, methane, carbcn sonoxide, nitrous
oxide) a 25% LFL CGH reacing will be incicative of 12.5X to appr xma-ely 20% flammable gas mixture, The
response time of 8 CGX to an increase in flammable sas concentration is hot instantaneous. Ihe COR starts
respording to an increase in flaamable gas concentrations almcst immediately upon the gas re,
{nternals. The internal response time for a CGM Yo reach 8 10X of the LFL indiecation (5% tFL
hydrogen in air) when exposed to a 23X of the LFL pentane mixture (equivalent to 2 11.5% of the LFL hydrégen
in air mixturs) ranged from 7-12 secords in a hu:oer of inforzal tests. Time to reach the full 23X test gas
irdicaticn took 20-40 seconds.

1f the COM is drawing a sample out of a tank dome space, the time fer the tank vapors to reach the CGH is
apprnxma.e\y 25 secornds, based upon the 500 an’/min €6X flow and the tubing currently vsed for flacmable
gas monitoring. Thus an instantaneous change from O to 12.5% of the LFL for hydrogen in 2ir in a tank vapor
space (an indicated 25% of the LFL) would not indicste any change a3 all on a CGM for abowt 26 seconds. At
25 seconds, the indicated LFL would begin to rise and 33-354 seconds after the step change the C¥ would
indicate abcut IC% of the LFL., The T would indicate 25% of the LFL aceroximately 45-£3 seconds after the
step change. -

11 the CGY was being used to sarmle the immediate worx area,
would star: t¢ rise immediately and a rescing ef 10X of the
25X step increase in the LFL.

s 25 sezord deley would net aooly, the CGX
L would be neted 7-12 secorcs after sensing a

- | | BEST AVAILABLE COPY
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Maintenance Management
HNF-PRO-CS9, Revi, Effectves 219/58
Technical Authority Approval: JR Barber 2/18/98
Functional Area Manager Approval: TJ Harper 2/27/98

¥ e TR LN

View Cross Reference and SRID Information

1.0 PURPOSE

1.1 This document presents the Project Hanford Management Contract (PEMC)

- policy on maintenance management and work control. It esteblishes the
minimum requiremeats for a facility or organization maintenance management
program. It provides expectations for results of processes by which work
activities are identified, initiated, analyzed, planned, approved, scheduled,
coordinated, released, performed, completed. and reviewed for adequacy and
completeness; to ensure that PHMC work is consistently accomplished safely, in
a timely manner, with improved efficiency and increased equipment availability.
This document applies to employees and subcoatractors involved in work
activities in PHMC-managed areas; facilities, and plants. Work activities include
modification, corrective, preventive and predictive maintenance.

2.0 REQUIREMENTS

2,1 General Reaguirements

NOTE: in order to maintain uniformity and to simplify the process of review and
approval, it is recommended that document or change development involve FDH
Project Direction Conduct of Operations personnel early in the process.

Each Project Hanford contractor assigned direct respoasibility for
maintenance of a facility or organization develops, implernents, and
documents in a Maintenance Imp! ation Plan (MIP) a program
for their facility/organization in conformance with the policy and
objectives of this procedure, The program clearly defines:

tof1s - 0671198 110420
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(1) The structuses, sysiems, and components included, using a graded
approach and the requirements derived from Technical Safety
Requirements.

(2) The management systems used to control maintenance activities,
including the means for monitoring and measuring the effectiveness
of the program and the management of maintenance backlog.

(3) The assignment of responsxbxhnes and authority for all Ieve!s of the
maintenance organization.

(4) Mechanisms for feedback of relevant information, such 25 trend
analysis 2nd instrumentation performance/relizbility data, to identify
necessary program modifications.

(5) Provisions for identification, evaluation, and correction of possible
component, system design, quality assurance, or other relevant
problems.

" ' (6) Performance indicators and-critzria to be wtilized to measure

equipment, systems, and personnel effectiveness in maintenance

activities. :

(7) Interfaces berween maintenance and other organizations (l.e.,

" operations, engineering, quality, training, eavironment, safety, and

health).

(8) A self-assessment program to monitor the effectiveness and
efficiency of the maintenance program,

(9) Provisions for plmmnz scheduling, and coordination of maintenance
aCH\lUCS

% Periodic inspections of structures, sysiems, components, and
equipment, particulerly those imporiant to the safe and reliable

operation of a facility, are performed to determine whether
deterioration is taling place and to idemify and address technical
obsolescence that threatens performance, safety, or facility .
preservation. Where the potential is identified for any event or . .
condition to significantly affect safety margios, 2 formal program for
resolving the problem is documented and implemented.

2.2 Non-nuclear Facilities

For DOE non-nuclear property for which the PHMC is responsible, a
graded approach using thé objectives, criteria, and sequence
described in the 18 elements presented in Attachment 1 is used in the
development and implementation of Maintenance Programs.

NOTE: Non-nuclear facilities may, 2t their opiion, prepare and submit for
approval a Site Maintenance Plan (SMP) in lieu of a MIP. Refer to Attachment 2.
Routmg and approvals remain the same as for a MIP,

Exceptions or deviations from the MIP elements are contained within

the MIP and are granted by the appropriate DOE RL Management
through approval of the MIP.

2of1s 06/11/58 11:0855
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Authéx: Dav1d B s*-\nt@aprncol rl.gov at “EXCHANGE
Date: 5/22/97 12:18 PM

Priority: Normal

Receipt Requested

TO: Gerald D (Jerry) Johnson at HANFORDllE

TO: Ryan A Dodd at "HANFORDOSE

T0: James J (Jim) Badden at "WHC103
T0: Shafik H Rifaey at "HANFORDO4B
cC: L T Jr (Tom) Pedersen at "WHC213
cC: Jim L castleberry at "WHC213

CcC: Scott M Werxry at "WHC42

CcC: Ronald A Harding at "WHC42

TO: W_M_Michael FunderburkefapimcOl.rl.gov at “EXCHANGE
Subject SHUTDOWN OF PERMANENT CAMERA SYSTEMS

-

.Message Contents
Jerry, et 2l

I have been directed to discontinue maintenance on the permanently .
installed vision systéms in the 'Big 6' DST's. Since the SY-101 system
maintenance was just recently completed, we will continue to allow that
system to operate (it is also required to be active for any intrusive
activities by the 8AR).

For the systems in SY-103, AW-10l, and AN-103, 104 and 105, unless
directed otherwise within the next. 24 hours, I will have then
de~energized and locked out. There is a safety concern with the
inability to verify safety function integrity unless ‘properly
raintained.

The impacts will be loss of the ability to gather valuable verification
information when ‘events' occur. The cost of maintaining the systems
now that the maintenance and other procedures have been completed, isn't
significant and is a dollar wash when compared to the costs of two to
three incursions into these tanks with the portable systems (that aren't
designed for the 'Big 6 environment), without taking ALARA and waste
ninimization into account.

bave Smet
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Page L of £
. CALCULATION IDENTIFICATION AND el of &
Fluor Daniel Northwest _ INDEX bate
8/3/98
this sheet shows the status and description of the zttached Design Analysis sheets.
pisciptine HVAC : Wo/Job Ko, cateulstion Ko,
Project No. & Name
cateuletion 1tem AZ-101. Waste Temperature During Transfer
These caleulztions epply to:
DHg. Ho. Rev, Mo,
Dwg. No. Rev. Ko,
other (study, Ry Study ' Rev. Ho.
The stztus of these czleulations fs:
[x] Pretiminary Caleulations .
[] Finat=Caleuletions
[] Check Calevlztions (0n Czleulztion Dated ) :
[] void Caleulaticn (Rezson Voided ) .
Incorporated in Final Drawings? . [] Yes [X] Ko
This caleutation verified by independent "check® czlecutations? [1 Yes [X} Ko
original and Revised Calculztion Approvals:
Rev. O Rev. 1 Rev. 2
signeture/Dzte Signsture/Date . signsture/Date
Originator a/@
il 62 5/t
Chécked by = Z w; 2g
Approved by
sChecked Against .
- hpproved Vendor Data
INDEX
Design Analysis .
Poge Ko, bescription
1 Objective, Given Data, Assumptions, References, Findings and Conclusions
2 Calculations -

A-1, A-2 Appendix

A-6002-143 (01/97) GEF41D
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DESIGN ANALYSIS pece Ho, | of 2
citent Numatec Hanford Corp wo/Jcb o,
“swject AZ-101 Waste Temperature During pate 8/3/98 sy P. D. Rice~
Transfer tnecked Zobs by 7 B LB
Location 200 E Revised By

1.0 OBJECTIVE

These calculations evaluate the adequacy of the ventilation system for tank AZ-101 of the aging
waste tank farm during operation of mixer pumps totaling 600 hp. Operation of the mixer pumps
will be only as needed to mobilize waste for transfer out of the tank.

2.0 GIVEN DATA

a) Waste to be transferred in 10 batches, one per month

b) Initial batch will be 500,000 1

¢) Two 300-hp mixer pumps to operate 120 hrs prior to first transfer and for 18 hrs during
transfer

d) Last batch will be mixed for 24 hrs prior to transfer and for 12 hrs during transfer

) Waste characteristics per Ref. 1) and 4)

3.0 ASSUMPTIONS

a) Tank waste vapor suppression factor = 0.45

b) ALC flow rate=0

¢) Average summer OSA conditions = 77 °F @ 40% RH
d) Annulus airflow rate = 800 scfin

) Radionuclide heat = 300,000 Btu/h (Ref. 2)

4.0 REFERENCES

1) Parameters for Use in CFD Simulations of the Mixing and Settling of Tank AZ-101,
COGEMA-98-521, 6/24/98 )

2) Tank 241-AY and 241-AZ Waste Evaporation, Letter Report E62062 LR, ICF Kaiser

* Hanford Co., December 1995

3) Computer Code WIVEE, Y.J. Lee et al, 4/25/96

4) cc:mail, X. Sathyanarayana to P. D. Rice, 8/3/98

5.0 FINDINGS AND CONCLUSIONS

Operation of two 300 hp mixer pumps in tank AZ-101 prior to and during the first of ten waste
transfers will raise the waste temperature from approximately 150 °F to 181 °F which is below
the allowable operating temperature. During the last transfer, the waste temperature rise will be
2 °F per hour initially at full pump power. The existing ventilation system is adequate.

BD-6002-142 (02/57) GEF409
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DESIGN ANALYSIS page Ko, 2 ¢f 2
client Numatec Hanford Corp wosJob e,
susject AZ-101 Waste Temperature During pete 8/3/88 ey P. D. Rice
Transfer - thecked B8 el B Feraswo
tosstion 200 E Revised By ' :

6.0 CALCULATIONS
6.1 Waste Temperature Prior to Mixing First Batch

Using the computer code of Ref. 3) with input from Ref. 2), the calculated initial temperature of
the waste in AZ-101 before starting the mixing process for the first batch is 150 °F, This
equilibrium condition corresponds to 2 tank ventilation flow of 500 scfim at a supply temperature
of 77 °F and 40% RH. See attached computer calculation results. Operation of the ventilation
system in the recirculation mode with minimal outside air flow of 100 scfin will give slightly Jower
temperature, based on recent field test data.

6.2 Waste Temperature Rise During Mixing, First Batch
Using the waste characteristics given in Ref. 1) and 4),

AT = (600 hp)(2545 Brwhp-r) 7 ((C, = 0.75)(Sp. Gr. = 1.2)(900,000 gal)(3.3 Ib/gal))
=0.227 “F/hr = 5.5 °F/day

+ Total temperature rise over the mixing period of 138 hrs = (.227)(138) = 31 °F
- The temperature of the waste is expected to increase from 150 °F to 181 °F during the

first batch transfer,
6.3 Waste Temperature Prior to Mixing Last Batch
Prior to transfer of the last of ten total batches, the radionuclide heat load should be
approximately 10% of the current heat load, or approximately 30,000 Btwh. Using the computer
code of Ref. 3) with input from Ref. 2), the calculated initial equilibrium temperature of the waste
before initiating mixing of the last batch is 88 °F. See attached computer calculation results.
6.4 Waste Temperature Rise During Mixing, Last Batch

Using the waste characterization given in Ref. 1),

AT = (600 hp)(2545 Bru/bp-br) / ((C, = 0.75)(Sp. Gr. = 1.2)(100,000 gal)(8.3 Ib/gal))
=2.04 °F/hr =49 °F/day

The rate of temperature rise will increase as the waste transfer proceeds, due to the continuous

decline in waste mass. It is assumed that the pump power will be reduced as the transfer nears
completion in order to avoid excessive waste temperature.

BD-6002-142 (02/57) GEF409
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pump Heat =
Inlet Air Temp =
suppression Factor =
ALC Flow Rate =

0 Btu/h
77 F

0 scfm

Tank Diameter = 75 fi

Tank Thickness
Concrete Depth

14n
1.25
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iel AZ
Prieyv To Frsr T7714>45}éqv/
300000 Btu/h

Radionuclide Heat =

ft  Outside Air Temp =

7F

Al CoridiTion

Relative Humidity = 40 %

.45 Inlet Air Temp zt Annulus = 77 °F
Annulus Flow Rate = 800 scfm
Tenk Height = 35 ft Ann Gap =
Soil Depth = 10.5 ft

30 in

Exit Required Va Exit Ann. EX.

QECLARE SUB vappress (temp, vip)

:Description of the program

CLS

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

nou
nou

"radiation decay heat, pump hezt, tank air inlet temperature”

F-115

Soln Soln  Annulus Conduct Net
Temp. vp Loss Loss Evap Hum Ra Flow Cond Temp

F mm Hg Btu/h Btu/h  1bH20/h  1bw/lbda  scfm F /] %RH F
180.0 213.5 20065. 29407. 164.77 0.226 166.86 171.9 62.4 179.5
178.0 204.2 88304. 28845, 165.97 0.212 179.84 169.8 62.5 177.5
176.0 195.3 86544, 28285. 167.14 0.199 193.76 167.6 62.5 175.5
174.0 186.7 84784. 27723. 168.28 0.186 208.70 165.5 62.5 173.5
172.0 178.4 83023. 27160. 169.37 0.175 224.73 163.3 62.6 171.5
170.0 170.4 81263. 26596, 170.44 0.164 241.96 161.2 62.6 169.5
168.0 162.7 79503. 26031. 171.47 0.153 260,51 159.0 62.6 167.5
166.0 155.3 77743, 25465, 172.46 0.144 280.48 156.8 62.6 165.5
164.0 148.2 75982. 24888. 173.41 0.135 302.01 154.6 62.6 163.5
162.0 141.3 74222, 24330. 174.33 0.126 325.27 152.4 62.6 161.4
160.0 134.8 72461. 23761. 175.21 0.118 350.42 150.2 62.6 159.4
158.0 128.5 70701. 23192, 176.05 0.111 377.66 148.0 62.6 157.4
156.0 122.4 68941, 22621. 176.84 0.104 407.21 145.8 62.6 155.4
154.0 "116.6 67181. 22049, 177,60 ©0.097 439.33 143.6 62.5 153.4
152.0 111.0 65420, 21476. 178.31 0.091 474.32 141.4 62.4 151.4
150.0 105.7 ° 63660, 20902, 178.98 0.085 512.50 139.2 62.3 149.4
148.0 100.6 61900, 20327. 179.60 0.080 ©554.28 136.9 62.2 147.4
146.0 85.7 60140. 19751. 180.18° 0.074 600.11 134.7 62.1 145.4
J44.0 91,0 58379. 19174. 180.71 0.069 650.54 132.4 61.9 143.4
J142.0 86.4 56619. 18596. 181,18 0.065 706.19 130.2 61.7 141.4
140.0 82.1 54859, 18017. 181.61 0.060 767.83 127.9 61.5 139.4
138.0 78.0 53099, 17437. 181,98 0.056 836.37 125.6 61.2 137.4
136.0 74.0 51339, 16855. 182.30 0.052° 912.90 123.3 60.9 135.4
134.0 70.3 49579. 16273. -182,56 0.048 998.77 121.0 60.6 133.4
132.0 66.6 47819. 15689. 182.76 0.045 1095.65 118.8 60.1 131.4
130.0 63.2 46059. 15104, 182.89 0.041 1205:.60 116.4 59.7 129.4
128.0 59.9 44300, 14518. 182.85 ©0.038 1331.24 114.1 59.1 127.4
126.0 56.7 42540. 13931. 182.94 0.035 1475.96 111.8 58.5 125.4
124.0  53.7 40781. 13342. 182.85 0.032 1644.14 109.5 57.9 123.4
122.0  50.9 39021. 12753. 182,67 0.030 1841.63 107.1 57.1 121.4
%20.0 48.1 37262. 12161. 182.40 0.027 2076.37 104.8 56.3 119.4
: declare subroutine vappress

"This is a program to evaluate the required tank air flow rate and”
"outlet conditions from the radiczctive waste storage tank.”
"To run this program, be prepzred to input the followings:"

A=)
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/01 AZE lailchy Tie it /'9)///7‘/ Jo ZeadT

—
. . T it fey”
pump Heat = 0 Btu/h Radionuclide Heat = 30000 Btu/h
Inlet Air Temp = 77 F Relaztive Humidity = 40 % '
suppression Factor = .45 Inlet Air Temp 2t Annulus = 77 F
ALC Flow Rate = 0 scfm Annulus Flow Rate = 800 scfm .
Tank Diameter = 75 ft Tank Height = "4 7t Ann Gzp = 30 in
Tank Thickness = 1 in Soil Depth = 10.5 ft
Concrete Depth = 1.25 ft  Outside Air Temp = 77 F
Soln Soln  Annulus Conduct Net Exit Required Va Exit Ann. Ex.
Temp. vp Loss Loss Evap Hum Ra Flow Cond Temp
F mm Hg  Btus/h Btu/h  1bH20/h 1bw/lbda scfm F / %RH F
100.0 27.0 13643, 8723, 5.51 0.023 81.79 98.3 57.3 92.5
98.0 25.4 12286. 8176, 6.85 0.021 114.06 ©96.3 56.9 81.0
6.0 23.9 10945, 7629. 8.18 0.020 153.77 94.2 56.3 89.5
4.0 22.5 9622. 7083, 9.50 0.018 203.38 92.2 55.8 87.9
92.0 21.1 8320, 6538. 10.82 0.017 266.63 90.2 55.1 86.5
90.0 19.8 7041, 5996. 12.14 0.016 349.38 88.2 54.3 85.0
88.0 18.6 5790. 5459, 13,49 0.014 4631.42 86.2_ _ 53.4 83.6
86.0 17.5 4572.- 4928, 14.87 0.013 620.33 84.2 52.3 82.2
84.0 16.4 3396. 4407. 16.33 0.012 861.03 82.4 51.0 80.9
82.0 15.4 2274, 3%06. 17.89 0.011 1262.67 80.6 49.3 79.6
80.0 14.4 1230, 3439, 19.53 0.010 2039.866 79.2 47.1 78.4
78.0 13.5 324. 2910, 24,03 0.009 6060.44 77.2 44.1 77.4
Waste temperature is too high. Will try next temperature step(B).
Waste temperature is too high. Hill try next temperature step(B).
Waste temperature is too high. Will try next temperature step(B).
Waste temperature is too high. Will try next temperature step(B).
Waste temperature is too high. Will try next temperature step(B).

Annulus air inlet temperature is higher than waste temperature.
Annulus heat transfer is ignored.

Also,
]

convergence problem exits for air flow rate

! declare subroutine vappress
1

?ECLARE SUB vappress (temp, vap)

:De;cription of the program

CLs

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT "
PRINT *
PRINT
PRINT *
PRINT *
PRINT
PRINT
PRINT *

nou

won

“This is a program to evaluate the required tank air flow rate and"
"outlet conditions from the radioactive waste storage tank."

"To run this program, be prepared to input the followings:"
“r=d1at1on decay heat, pump heat, tank air inlet temperature"

"and relative hum7d1ty, air flowrate znd temperature in the annulus,”
"and the air Tift circulation flowrate. Also, vapor suppression"
“frcct1on for the waste in the tank, tenk dimensions and desired”
waste temperature range to be considered and tank dimensions.”

"If you make a mistake duing the input phase, you can term1nate"
"the program by typing Cirl-Break anytime and restart® .

E-116

At



