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EVALUATION OF TANK WASTE TRANSFERS AT 241-AW TANK FARM

1.0 INTRODUCTION

A number of waste transfers are needed to process and feed waste to the private
contractors in support of Phase 1 Privatization. Other waste transfers are needed to support
the 242-A Evaporator, saltwell pumping, and other ongoing Tank Waste Remediation System
(TWRS) operations.

1.1 PURPOSE OF EVALUATION

The purpose of this evaluation is to determine if existing or planned equipment and
systems are capable of supporting the Privatization Mission of the Tank Farms and continuing
operations through the end of Phase 1B Privatization Mission. Projects W-211 and W-314
have been established and will support the privatization effort. Equipment and system
upgrades provided by these projects (W-211 and W-314) will also support other ongoing
operations in the tank farms. It is recognized that these projects do not support the entire
transfer schedule represented in the Tank Waste Remediation System Operation and Utilization
Plan (TWRSO&UP) (Kirkbride et al. 1997). Additionally, transfers surrounding the 241-AW
farm must be considered. This evaluation is provided as information, which will help to
define transfer paths required to complete the Waste Feed Delivery (WFD) mission. This
document is not focused on changing a particular project, but it is realized that new project
work in the 241-AW Tank Farm is required.

1.2 BACKGROUND INFORMATION

The transfers identified in the TWRSO&UP (Kirkbride et al. 1997) have been reviewed
and specific transfers were extracted for evaluation. The transfers evaluated either begin or
end in one of the six 241-AW tanks. All six of the 241-AW Tank Farm tanks are involved in
at least one planned transfer. Approximately 180 separate transfers were identified. Transfer
routes are dependent upon the timeframe (i.e., after fiscal year 2000, the new W-314 waste
transfer system will be used along with existing pipelines).

 From the 180 transfers, 32 different source and receiver tank combinations were
‘identified and engineering judgement was used to postulate transfer routes. In postulating the
transfer routes, the most direct 7.6 cm (3-in.) line was used (transfers from the 242A
Evaporator to tank 241-AW-106 use 5.1 cm (2-in.) lines). Equipment and systems included in
the 32 separate transfer routes were evaluated using the best available drawings and other data
obtained from the pump and transfer cognizant engineers, and from project information. At
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this point in the evaluation missing pieces of the transfer routings such as jumpers in valve or
pump pits were identified.

The 180 transfers were then grouped into three categories:

1. Feed Delivery. This category includes transfers of diluted supernate, and slurry
from tank 241-AW-101 to tanks 241-AP-102/104 and supernate transfers from
tank 241-AW-104 to tanks 241-AP-102/104.

2. Solids Cleanout from Tank 241-SY-102. This category includes only one
transfer from tank 241-SY-102 to tank 241-AW-105. The transfer from tank
241-8Y-102 to tank 241-AW-105 includes approximately 4 vol% insoluble
solids.

3. Other Transfers. This category includes the remaining approximately 175
transfers. Transfers in the “other” category are characterized as supernate
transfers expected to contain less than 1 vol% solids.

Each category of transfers involves a different set of requirements as compared to the
other two. As an example, tank 241-AW-101 Contains saturated salt solutions, a crust layer
on the top of the tank, and a layer of sludge on the bottom of the tank. Dilution studies have
not been performed on the tank, but Environmental Simulation Program (ESP)' modeling
(included in Appendix D) indicates that most of the solids-in the tank, both in the crust layer
and in the sludge, are soluble. The requirements for waste retrieval from this tank will likely
include: mixing the tank contents to degas; adding diluent (raw water) at the pump inlet to
prevent solids from precipitating from saturated solution in the transfer line; ensuring that the
pump is capable of transferring waste at a velocity of 1.8 t0 2.7 m/s (6 to 9 ft/s); and finally
adding diluent (raw water) directly to the tank to ensure that as much as possible of the soluble
solids are dissolved and removed from the tank. Requirements for the transfers from other
tanks evaluated may not include mixing, dilution, or as high of a transfer rate.

A Tisting of the requirements for each of the three categories was developed using
Performance Requirements for Phase 1 Waste Feed Delivery (HNF-1985) (Claghorn et al.
1998) for category 1 transfers and engineering judgement for category 2 and 3 transfers
identified above.

Pressure drop and flow rate calculations were done for a number of transfer lengths
using pump curves for two different pumps and estimated density and viscosity values. These
calculations are then used to estimate pressure drops and flow rates for all 32 transfer routes.
Tank temperatures were evaluated and precipitation due to temperature drop was estimated for
the worst case tank. Based on Calculation No W314-P-006, (A.N. Palit March 12, 1997) a
temperature drop of 6°C (10°F) in the transfer lines was used in the evaluation.

'ESP is a trademark of OLI Systems, Inc.
2
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Also included in this evaluation was a review of open issues related to safety and
environmental permitting of Tank Farm activities.

1.3 DOCUMENT ORGANIZATION

The main body of this document includes only a summary of the evaluation. Backup
information and calculations are contained in the appendices. Section 2.0 contains process and
equipment expectations and a summary of identified issues. Section 3.0 provides the
conclusions and recommendations.

1.3.1 Road Map to Appendices

Appendix A contains a table listing the 32 transfer routes and the equipment and
systems identified for each route. Existing equipment and planned equipment are identified as
such and missing equipment is also identified. A sketch of the 241-AW Tank Farm lines
including the connections to the 241-AP Valve Pit, 241-A-A Valve Pit, and to the 242-A
Evaporator is also included in Appendix A. Missing jumper connections are shown on the
sketch as heavy lines. The transfer schedule from the TWRSO&UP (Kirkbride et al. 1997) is
also included.

Appendix B contains all of the issues identified in this evaluation. Some of the issues
are general in nature and others apply to a few or even only one transfer. An opportunity was
also identified in this evaluation, and is included in the issues list. These issues are
summarized in Section 2.3.

Appendix C contains a table of process and equipment requirements for each of the
three.identified categories of transfers. The basis of the requirements, and potential issues are
also listed.

Appendix D contains the calculations of pressure drop and flow rates along each of the
32 transfer routes. The section also includes the temperature evaluation.

Appendix E contains the basis and requirements to assign work scope to resolve issues
within the AW Tank Farm.
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2.0 PROCESS AND EQUIPMENT EXPECTATIONS

This section is a list of process and equipment expectations. This is a summary and
does not list the bases for these expectations. The bases for these expectations are listed in
Appendix C. As a sumunary, this list is not intended to give details. The details for each
process or equipment expectation are listed in Appendix C.

2.1 PROCESS EXPECTATIONS

The process expectations are as follows:

Transfer rates for Phase 1 waste feed delivery and for slurries will be
maintained at 1.8 to 2.7 m/sec (6 to 9 ft/sec).

Temperatures and concentrations will be controlled and maintained during
transfers such that no precipitates are formed.

Supernates will contain no more than 5 vol% suspended solids.

Solutions transferred to the evaporator will be dilute and will meet evaporator
requirements.

Evaporator will not generate solutions from which solids will form under
expected storage conditions.

2.2 EQUIPMENT EXPECTATIONS

The equipment expectations are as follows:

Tanks from which supernates are to be transferred will have appropriate pumps
and ancillary equipment such that solids in solution can be limited to required
levels.

Tanks from which slurries are to be transferred will be equippéd with the
capability to suspend the settled solids into a slurry, and will have pumps
capable of transferring slurries.

Tanks will be equipped with pumps which are capable of transferring waste at
the rate required for the transfer.

Where necessary, tanks will be equipped with the capability of diluting or
heating the waste to ensure that po precipitates are formed during the transfer.

5
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Tanks will have liquid level measuring capability.
System will be capable of monitoring tank levels.

For as-low-as-reasonably-achievable (ALARA) radiation exposure reasons,
system will be capable of making routing changes in valve pits without routine

pit entry.

The following issues related to transfers originating or terminating in the 241-AW Tank
Farm were identified during this evaluation. Complete descriptions and discussions of these
issues are included in Appendix B.

General

Current risk and RAM analysis efforts are not yet complete.

Engineering studies that are aimed at optimizing the WFD system are not yet
complete.

The transfer schedule identified in the TWRSO&UP (Kirkbride et al. 1997)
reflects staging transfers that are not agreed to by TWRS operations. (Changes
to the transfer schedule will occur.)

The transfer schedule identified in the TWRSO&UP (Kirkbride et al. 1997)
reflects transfer rates that cannot be achieved by existing or planned equipment.
(The TWRSO&UP will be revised.)

Dilution/dissolution studies have not been performed for tank 241-AW-101.

Transfer Pumps

The existing pumps in the AW Farm are either incapable or only marginaily
capable of delivering feed at the required 1.8 t0 2.7 m/s (6 to 9 ft/s) velocity.

A pump design is needed which allows periodic preventative maintenance (i.e.
pump flushing, recirculation, etc.) to improve pump reliability.

The existing transfer pump in tank 241-AW-104 has failed; work scope and
funding to replace the pump have not been identified.
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The existing pumps in most of the tanks are stick type pumps that may not be
appropriate for supernate transfers.

The Design of the Existing Supernate Flex/Float Pumps Causes Pump to Lose
Prime if Transfer is Interrupted.

Crust Softening/Removal Techniques are not Tested.

Transfer Routings

The current jumper system in valve pits AW-A and AW-B consists of flex and
rigid jumpers and is inadequate to support transfers identified in the
TWRSO&UP (Kirkbride et al. 1997).

Current Jumper System in Pump Pit 241-AW-02A lacks the flexibility to support
all of the transfers identified in the TWRSO&UP (Kirkbride et al. 1997).

Line 3-in. SN-219-M25 is not operable due to the existence of potentially leaky
cleanout boxes in the line.

Abandonment of 241-A-A valve pit requires that line LIQW-702 be connected
directly to line SN-220. :

Regulatory Compliance

Safety

Compliance of the Transfer Lines with Washington Administrative Code (WAC)

"173-303, Dangerous Waste Regulations.

Concrete line encasements are not accepted by the Washington State Department
of Ecology as appropriate.

Ancillary Equipment Secondary Containment may need coatings or liners

Written Integrity Assessment has not been completed

System upgrades may be required to support Authorization Basis/Basis for Interim
Operation (BIO)
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It will be difficult to isolate malfunctioning systems from systems which are
functioning because the BIO does not accept valves as an appropriate means of
isolating active transfer equipment from inactive systems.

Instrumentation/Ancillary Equipment

Ventilation

Electrical

Utilities

Real time automatic liquid level detection is not available in all tanks.
Equipment/instrument control strategies are not consistent throughout the farms.
The current system is very complex.

Integration requirements for new and existing instrumentation and controls have
not been established.

Electrical supply and control circuits to primary fans were identified in 1995 as
being in poor condition.

241-AW primary ventilation stack will likely require upgrades to provide
continuous air emissions monitoring. -

241-AW primary ventilation system may require emission controls for Toxic
Air Pollutants (TAPs).

241-AW-101 primary ventilation exhaust has no flow measurement capability.

A 1995 assessment found numerous deficiencies with MCC-241-AW.

Retrieval systems added to tank 241-AW-101 will add a significant load to the
241-AW farm electrical system.

Transfer line flush water flow requirements have not been established.

The 241-AW air compressors cycle frequently resulting in early failures
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Waste Retrieval

. Process reqﬁirements have not been completed for retrieval of waste from
241-AW-101.
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3.0 CONCLUSIONS AND RECOMMENDATIONS

This evalvation has identified a number of questions and issues regarding the capability
of the system to support the TWRSO&UP (Kirkbride et al. 1997) identified transfers with
existing or planned equipment. Some of the issues such as the failed transfer pump in tank
241-AW-104, and the lack of jumper connections in Valve Pit 241-AW-A/B would need to
have already been addressed to support the identified transfers. (Two supernate transfers
from AW-104 are scheduled to occur later this calendar year.) .

Some of the issues such as the compliance of the existing lines with dangerous waste
regulations are already being negotiated. The outcome of these negotiations is uncertain and
furthermore the ramifications of negative outcomes are potentially extremely costly in terms of
both budget and schedule.

Other issues such as the lack of jumpers in the AW-A and AW-B Valve Pits, and the
potentially inappropriate pump types in the AW (and other farms as well) will require work
scope and funding to make the necessary modifications.

A much more detailed evaluation of all the transfers should be undertaken as soon as
possible. This evaluation has limited its scope to transfers originating or terminating in the
241-AW Tank Farm. The detailed evaluation should look at all transfers through the end of
Phase 1 of the Waste Feed delivery mission. The evaluation should produce a complete list of
performance requirements for all of the transfers. The evaluators should be given authority to
make necessary changes or additions to work scope.

The opportunity of using tank 241-AW-101 as a backup in the case of a component
failure in the primary transfer route from tank 241-AN-105 to the Phase 1 waste feed staging
tanks should be implemented. This unique opportunity to ensure timely feed delivery and fee
avoidance needs to be started now so that the W-211 Project schedule can be adjusted or
accelerated as necessary before the 2001 delivery date.

11
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APPENDIX A

TRANSFERS

Appendix A contains a partial list of transfers which are included in the Tank Waste
Remediation System Operation and Utilization Plan (TWRSO&UP) (Kirkbride et al. 1997).
The transfers listed here are scheduled to begin or end in the 241-AW Tank Farm. The first
transfer listed here is scheduled to occur in calendar year 1998. The last transfer listed here is
scheduled to occur in 2011. A route for each of the transfer paths was then postulated, and the
existence of or plan for all necessary equipment in each transfer route was verified on best
available drawings, project documents, and other available information.

Appendix A also includes a sketch of the necessary jumper connections in the AW-A
and AW-B valve pits and the 241-AW-102 02A central pump pit.

Table A-1 is a listing of the transfers. Table A-2 is a listing of necessary equipment in
each transfer route. Equipment is identified as either existing or planned. Table A-3isa
listing of the pipe material pressure and temperature limitation of the piping in the 241-AW
Tank Farm.
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Table A-1. Transfers. (6 Sheetsj

Boot {[HLW|LAW| From To Start End |Liquid Solid Comments
Strap| Flag | Flag Date Date (gal) (gal)
AW-106 |AW-101 3/1/03 3/3/03 550,400 26
AW-106 |AW-101 7/1/03 7/1/03 34,750 2
AW-106 |AW-101 1/1/04 1/1/04 746 0
AW-106 |AW-101 7/1/04 7/1/04 11,151 1
AW-106 |AW-101 1/1/05 1/1/05 95,306 4
AW-106 |AW-101 7/1/05 7/1/05 121,700 6
AW-106 |AW-101 1/1/06 1/1/06 51,422 2
AW-106 |AW-101 7/1/06 7/1/06 22,041 1
AW-106 [AW-101 1/1/07 1/1/07 74,822 3
AW-106 |AW-101 7/1/07 7/1/07 33,387 2
AW-106 |AW-101 1/1/08 1/1/08 1,111 [\]
AW-106 |AW-101 7/1/08 7/1/08 12,300 1
AW-106 |AW-101 1/1/09 1/1/09 867 0
AW-106 |AW-101 7/1/09 7/1/09 10,622 0
AW-106 |AW-101 1/1/10 1/1/10 560 0
AW-106 |AW-101 7/1/10 7/1/10 16,078 1
AW-106 |AW-101 1/1/11 1/1/11 1,173 0
AW-106 |AW-101 7/1/11 7/1/11 0 Q
Y [AW-101 |AP-102 1/9/03 1/13/03 | 537,200 | 13,013 |Retrieve/Stage LAW
Batch 3, Contractor 1,
Envelope A
Y [AW-101 {AP-102 1/9/03 1/13/03 | 845,400 | 13,013 |As-received Ghost
Y [AW-101 AP-104 1/14/03 | 1/18/03 | 537,200 | 13,013 |Retrieve/Stage LAW
Batch 3, Contractor 2,
Envelope A
Y |AW-101 jAP-104 1/14/03 | 1/18/03 | 845,400 | 13,013 |As-received Ghost
AP-104 |AW-102 3/1/98 3/6/98 995,300 34
AP-107 {AW-102 4/25/98 5/7/98 1,104,000 40
EVAPF |AW-102 | 10/13/98 | 10/14/98 | 195,000 0
AW-106 |AW-102 11/6/98 | 11/6/98 | 150,000 6
AP-104 |AW-102 | '10/3/98 | 11/10/98 | 1,110,000 42
AP-107 |AW-102 2/15/99 3/9/99 11,095,000 40
AP-103  |AW-102 7/1/99 7/8/99 |1,017,000 44
Y EVAPE |AW-102 9/7/99 9/7/99 70,000 0
Y [{AP-104 |AW-102 9/10/99 | 9/29/99 |1,104,000 41
AW-106 |AW-102 10/6/99 | 10/7/99 { 300,000 13
AP-107 | AW-102 11/1/99 | 11/8/99 |1,110,000 43
Y AP-104 |AW-102 72100 7/8/00 | 1,110,000 43

A5
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Table A-1. Transfers. (6 Sheets)

Boot HLW|LAW| From To Start End |Liquid Solid Comments
Strap| Flag | Flag Date Date |[(gal) (gal)
Y Y |AP-106 |AW-102 | 10/2/00 | 10/4/00 | 474,000 16
Y Y_|AP-106 |AW-102 | 10/5/00 | 10/5/00 | 71,998 2
Y Y |AP-106 |AW-102 10/6/00 | 10/6/00 | 130,000 4
Y |AP-106 |AW-102 | 10/7/00 | 10/7/00.| 60,191 2
Y AW-105 |AW-102 | 10/6/00 | 10/8/00 | 414,000 14
Y |AP-106 |AW-102 | 10/8/00 | 10/8/00 0 0
AW-105 [AW-102 | 10/9/00 | 10/10/00 | 213,100 7
AP-106 |AW-102 | 2/7/01 | 2/7/01 0 0
SY-102  [AW-102 | 4/4/01 | 4/5/01 | 384,000 16
SY-102 |AW-102 | 4/6/01 | 4/6/01 | 10,000 0
AN-105 |AW-102 | 6/10/01 | 6/12/01 | 520,100 21
WATER |AW-102 | 10/19/01 | 10/19/01 | 35,000 0
EVAPF |AW-102 | 10/19/01 | 10/20/01 | 225,000 0
AN-105 |AW-102 | 12/10/01 | 12/10/01 | 35,011 1
SY-102  |AW-102 | 4/4/02 | 4/4/02 | 29,999 1
SY-102 |AW-102 | 4/4/02 | 4/4/02 | 4,000 0
AN-105 JAW-102 | 6/10/02 | 6/11/02 | 281,100 10
EVAPF [AW-102 | 9/20/02 | 9/20/02 | 50,000 0
AN-105 |AW-102 | 12/10/02 | 12/13/02 | 681,500 23
SY-102 |AW-102 | 4/4/03 | 4/4/03 | 29,999 1
SY-102 |AW-102 | 4/4/03 | 4/4/03 | 4,000 0
AN-105 |AW-102 | 6/10/03 | 6/10/03 0 0
EVAPF |AW-102 | 9/20/03 | 9/20/03 | 35,000 0
AN-105 |AW-102 | 12/10/03 | 12/11/03 | 268,900 9
SY-102  [AW-102 | 4/4/04 | 4/4/04 | 29,999 1
SY-102 [AW-102 | 4/4/04 | 4/4/04 | 3,000 0
AN-105 |AW-102 | 5/12/04 | 5/12/04 0 0
AN-105 [AW-102 | 6/10/04 | 6/11/04 | 231,200 9
EVAPE [AW-102 | 9/20/04 | 9/20/04 | 85,000 0
AN-105 |AW-102 | 12/10/04 | 12/11/04 | 258,900 9
AN-105_|AW-102 | 5/21/05 | 5/25/05 | 772,500 | 13,977
AN-105 |AW-102 | 6/10/05 | 6/12/05 | 390,600 14
EVAPF |AW-102 | 9/20/05 | 9/20/05 | 35,000 0
AN-105 |AW-102 | 12/10/05 | 12/12/05 | 581,100 20
AN-105 |AW-102 | 6/10/06 | 6/14/06 | 872,900 30
AN-105 |AW-102 | 12/10/06 | 12/12/06 | 431,900 15
SY-102 |AW-102 | 4/4/07 | 4/4/07 | 29,195 1
AN-105 [AW-102 | 6/10/07 | 6/10/07 0 0
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Boot [HLW|LAW| From To Start End [Liquid Solid Comments
Strap| Flag | Flag Date Date |(gal) (gal)
EVAPF |AW-102 | 9/20/07 | 9/20/07 | 35,000 0
AN-105 |AW-102 | 12/10/07 | 12/11/07 | 259,900 9
SY-102 |AW-102 | 4/4/08 | 4/4/08 | 29,999 1
AN-105 |AW-102 | 6/10/08 | 6/10/08 0 0
EVAPF |AW-102 | 9/20/08 | 9/20/08 | 85,000 0
AN-105 |AW-102 | 12/10/08 | 12/11/08 | 259,900 9
SY-102  |AW-102 | 4/4/09 | 4/4/09 | 29,999 i
AN-105 |AW-102 | 6/10/09 | 6/10/09 0 0
EVAPF |AW-102 | 9/20/09 | 9/20/09 | 35,000 0
AN-105 |AW-102 | 12/10/09 | 12/11/09 | 270,900 9
SY-102  |AW-102 | 4/4/10 | 4/4/10 | 29,999 1
AN-105 |AW-102 | 6/10/10 | 6/10/10 0 0
EVAPF |AW-102 | 9/20/10 | 9/20/10 | 85,000 0
EVAPF _|AW-102 | 10/19/10 | 10/19/10 | 35,000 0
AN-105 |AW-102 | 12/10/10 | 12/11/10 | 285,900 10
SY-102  |AW-102 | 4/4/11 | 4/4/11 | 29,360 640
AN-105 |AW-102 | 6/10/11 | 6/10/11 | 50,020 2
AW-102_|242-A 4/5/98 | 4/9/98 | 995,300 35
AW-102 [242-A 5/5/98 | 5/10/98 |1,104,000| 39
AW-102 |AW-106 | 10/28/98 | 10/28/98 | 150,000 6
AW-102 [242-A 11/5/98 | 11/10/98 |1,195,000] 46
AW-102 [242-A 3/5/99 | 3/10/99 |1,130,000] 36
AW-102 [242-A 7/5/99 | 7/9/99 | 979,200 36
AW-102 |AW-106 | 9/22/99 | 9/23/99 | 300,000 12
AW-102 [242-A | 10/5/99 | 10/10/99 [1,139,000| 45
AW-102 [242-A 11/5/99 | 11/10/99 {1,110,000{ 34
AW-102 |242-A 7/6/00 | 7/11/00 11,145,000| 36
AW-102 [242-A 10/5/00 | 10/12/00 |1,476,000| 52
AW-102 {242-A 6/1/01 | 6/3/01 | 394,000 16
AW-102 {242-A 12/1/01 | 12/4/01 | 780,100 30
AW-102 |242-A 6/1/02 | 6/1/02 | 69,010 3
AW-102 {242-A 12/1/02 | 12/3/02 | 331,100 11
AW-102 [242-A 6/1/03 | 6/4/03 | 715,500 24
AW-102 |242-A 12/1/03 | 12/1/03 | 35,011 1
AW-102 |242-A 6/1/04 | 6/2/04 | 301,900 10
AW-102 |242-A 12/1/04 | 12/2/04 | 316,200 2
AW-102_|242-A 6/1/05 | 6/5/05 | 872,800 31
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Boot (HLW|LAW{ From To Start End |Liquid Solid Comments
Strap| Flag | Flag Date Date [(gal) (gal)
AW-102 [242.A | 11/20/05 | 11/25/05 | 425,600 | 15
AW-102 2424 | 12105 | 121105 | 0 0
AW-102 [242.A 6/1/06 | 6/4/06 | 581,100 | 20
AW-102 |242A | 12/106 | 12/5/06 | 872,900 | 30
AW-102 [242-A 6/107 | 6307 | 461,100 | 16
AW-102 [242.A | 127107 | 1211/07 | 35,013 1
AW-102 [242.A 6/1/08 | 612608 | 289,900 | 10
AW-102 2424 | 127108 | 12108 | 85032 | 3
AW-102 [242A 6/1/09 | 6/2009 | 289,900 | 10
AW-102 l2:2-A | 121109 | 1201009 | 35,013 1
AW-102_|242-A 6/1/10 | 6/210 | 300,900 | 10
AW-102 2424 | 1110 | 110 | 120000 | 4
AP-101 |AW-103 | 8/6/98 | 8/9/98 | 625,000 | 27
AN-103 |AW-103 | 1/18/05 | 1/18/05 | 3.897 | 103
AP-101 |AW-104 | 10/21/98 | 10/23/98 | 460,000 | 20
AW-106 |AW-104 | 4/5/99 | 4/5/09 | 136,800 | 6
AW-106 |AW-104 | 10/12/99 | 10/12/99 | 131,000 | 5
AN-103_|AW-104 | 11705 | 1/18/05 | 17750 | 468
AW-104 |AP-107 | 1071098 | 10/12/98 | 540,000 | 18
AW-104 |AP-104 | 10/14/98 | 10/14/98 | 164,000 | 6
INS96 |AW-105 | o/18/00 | 9/18/00 | 15,002 | 4,998
WATER |AW-105 | 9/18/00 | 9/18/00 | 174,000 | 0
IFL96  |AW-105 | 9/18/00 | 9/19/00 | 53,000 0
IKL96  |AW-105 | 9/18/00 | 9/19/00 | 332,000 | ©
¥ AZ-101 |AW-105 | 10/10/00 | 10/10/00 | 142,500 | 0 |First Wash Decant 1oZ
Y AZ-101 |AW-105 | 113000 | 12/1/00 | 140200 | 0 |Second Wash Decant
e AZ-101 |AW-105 | 12001 | 2101 | 142,900 | 0 |Thira Wash Decae
WATER |AW-105 | 9/19/04 | 9/20/04 | 88,000 0
IFL96  |AW-105 | 9/19/04 | 9/20/04 | 200,000 | 0
v |sv-102 |AW-105 | 1/1/06 | 1/3/06 | 580,400 | 22,120 |Clean out Solids in25¥
AN-103 |AW-105 | 4/2/06 | 4/4/06 | 458,900 | 12.056
| | [aw-105 [aw-102 | 10/6/00 | 10/8/00 | 414,000 | 14
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Boot |[HLW|LAW/| From To Start End |Liquid | Solid Comments

Strap| Flag | Flag Date Date |[(gal) (gal)
AW-105 |AW-102 | 10/9/00 | 10/10/00 | 213,100 7
AW-105 |AN-105 | 12/15/05 | 12/18/05 | 713,900 25
AW-105 |AN-105 | 3/1/06 | 3/2/06 | 321,000 11
242-A  |AW-106 | 4/5/98 | 4/9/98 | 168,500 35
242-A  |AW-106 | 5/5/98 | 5/10/98 | 441,000 39
AW-102 |AW-106 | 10/28/98 | 10/28/98 | 150,000 6
242-A  |AW-106 | 11/5/98 | 11/10/98 | 585,000 | 46
242-A  |AW-106 | 3/5/99 | 3/10/99 | 360,900 36
242-A  |AW-106 | 7/5/99 | 7/9/99 | 891,000 36
AW-102 |AW-106 | 9/22/99 | 9/23/99 | 300,000 12
242-A  |AW-106 | 10/5/99 | 10/10/99 | 432,200 | 45
242-A  |AW-106 | 11/5/99 | 11/10/99 | 732,200 34
242-A  |AW-106 | 7/6/00 | 7/11/00 | 778,300 36
242-A  |AW-106 | 10/5/00 | 10/12/00 | 87,361 52
242-A  |AW-106 | 6/1/01 | 6/3/01 | 211,900 16
242-A  |AW-106 | 12/1/01 | 12/4/01 | 282,600 30
242-A  |AW-106 | 6/1/02 | 6/1/02 | 21,399 3
2424 |AW-106 | 121102 | 12/3/02 | 34,737 1
42-A  |AW-106 | 6/1/03 | 6/4/03 | 34,944 24
242-A  |AW-106 | 12/1/03 | 12/1/03 | 756 1
242-A  [AW-106 | 6/1/04 | 6/2/04 | 11234 | 10
242-A  |Aw-106 | 12/1/04 | 1212104 | 95,369 12
242-A  |AwW-106 | 6/1/05 | 6/5/05 | 121,900 31
242-A  |AW-106 | 11/22/05 | 11/25/05 | 51,529 15
242-A  |AW-106 | 12/1/05 | 121105 0 0
242-6  |AW-106 | 6/1/06 | 6/4/06 | 22,200 20
2424 |AW-106 | 12/1/06 | 12/5/06 | 75,050 30
242-A |AW-106 | 6/1/07 | 6/3/07 | 33,509 16
2424 |Aw-106 | 121107 | 1271007 | 1,120 1
242-A  |AW-106 | 6/1/08 | 6/2/08 | 12,379 10
242-A  |AW-106 | 12/1/08 | 12/1/08 | 891 3
242-A  |AW-106 | 6/1/09 | 6/2/09 | 10,702 10
M2A  |AW-106 | 12/1/09 | 12/1/09 | 570 1
242-A - |AW-106 | 6/1/10 | 6/2/10 | 16,159 10
242-A  [AW-106 | 12/1/10 | 12/2/10 | 1,207 4
[aw-106 [ap-10s | 6398 | 6/4/98 | 341,000 | 16
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Boot |HLW |LAW| From To Start End |Liquid Solid Comments

Strap| Flag | Flag Date Date |(gal) (gal)
AW-106 |AP-101 | 10/27/98 | 10/28/98 | 289,000 13
AW-106 |AW-102 | 11/6/98 | 11/6/98 | 150,000 6
AW-106 |AP-101 | 12/1/98 | 12/3/98 | 563,900 25
AW-106 1AP-101 | 4/3/99 | 4/4/99 | 224,000 10
AW-106 |AW-104 | 4/5/99 | 4/5/99 | 136,800 6
AW-106 |AN-106 | 7/20/99 | 7/23/99 | 748,000 33
AW-106 |AP-108 | 7/25/99 | 7/25/99 | 143,000 6
AW-106 [AW-102 | 10/6/99 | 10/7/99 | 300,000 13
AW-106 |AW-104 | 10/12/99 | 10/12/99 | 111,000 5
AW-106 |AN-101 | 10/13/99 | 10/14/99 | 321,000 16
AW-106 |AN-101 | 12/12/99 | 12/15/99 | 732,200 33
AW-106 |AP-107 | 9/14/00 | 9/18/00 | 778,200 34
| AW-106 |AP-107 | 11/3/00 | 11/3/00 | 86,999 5

HLW = High-level waste

LAW = Low-activity waste.
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APPENDIX B

TRANSFER ISSUES

The following is a compilation of issues that are related to the transfer of waste to the
Private Contractors facilities and related staging transfers that support Tank Waste
Remediation System (TWRS) operations. Transfers scheduled to occur between 1/1/1998 and
12/31/2011 involving tanks in the 241-AW Tank Farm have been evaluated.

General
Issue: Current risk and RAM analysis efforts are not yet complete.

Discussion: Risks associated with the transfers are being developed along with a viable
Operations and Maintenance (O&M) concept for TWRS. This new O&M Concept will
include activities related to Waste Feed Delivery (WED). Until this work is completed,
project activities cannot be completely validated.

Issue: Engineering studies which are aimed at optimizing the WFD system are not yet
complete.

Discussion: Several studies that have been identified for fiscal year (FY) 1998 are not yet
begun. The outcome of these studies could impact the decisions made in identifying scope for
completing the design of the WFD system. These studies include an alternative piping route
from AN to AP other than the currently scoped W-314 effort. Also included is the control
system integration study. )

Issue: The transfer schedule identified in the Tank Waste Remediation System Operation and
Utilization Plan (TWRSO&UP) (Kirkbride et al. 1997) reflects staging transfers that are not
agreed to by TWRS operations. This means that operations does not feel confident several of
the identified transfers can be made or funding priority has not been provided such that
planning and preparation for the transfers can be performed.

Discussion: An effort must be made to gain operations agreement to the transfer schedule that
will extend through FY 2000. This agreement will belp establish priorities for project
activities and define a basis for operations sufficient to ensure successful delivery of

Envelope A waste.
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Transfer Pumps

Transfers from all six tanks in the 241-AW Tank Farm are scheduled to occur before
2011. Transfer pumps are required to accomplish the transfers. Capability and functionality
of the existing pumps in all six of the tanks is questionable. The following specific issues have
been identified by this evaluation:

Issue: The existing pumps in the AW Farm are either incapable or only marginally capable of
delivering feed at the required 1.8 to 2.7 m/s (6 to 9 ft/s) velocity. This velocity was
established as a range for solids transfer in order to maintain a Reynolds number of greater
than 20,000. Supernate transfers could be conducted at a slower rate.

Discussion: A Calculation of the pressure drop for a transfer from 241-AW-101 to
241-AP-102 has been prepared (attached). The calculation shows that even for a relatively
short route, the existing pumps are not capable of delivering waste at 0.53 n?/min

(140 gal/min) (based on a requirement to transfer waste at 1.8 to 2.7 m/s (6 to 9 ft/sec
through 3-in. pipe). The pump to be installed in the tanks under the W-211 Project will be
capable of delivering the waste at 0.53 m’/min (140 gal/min) for even the longest routes in the
200 East Tank Farms. Of the six tanks in the 241-AW Tank Farm, only tank 241-AW-101 is
scheduled to receive a new transfer pump under Project W-211.

Issue: A Pump design is needed which allows periodic preventative maintenance (i.e. pump
flushing, recirculation, etc.) to improve pump reliability.

Discussion: Waste in some of the tanks consists of saturated salt solution. Crystals grow on
the rotating parts of the pump until the shaft cannot be turned. Other tanks contain relatively
large volumes of solids. Either crystal growth or depositions of other solids are likely causes
of premature pump failure. According to the Pump Cognizant Engineer, after a pump has
been idle in a tank for a few years there is about a 50 percent chance the pump will operate
successfully.

The current system is not designed to allow flushing or operation of the pumps in a
recycle mode. Since the waste in some of the tanks is highly soluble a flush system would
likely be capable of dissolving the crystals and allowing the pump to operate. Additionally, a
return leg on the piping system from the pump would allow the pump to be operated routinely.
Routine operation of the pumps would likely prevent or at least limit crystal growth and ensure
operation of the pumps when needed for a transfer.

Issue: The ex1st1ng transfer pump in tank 241-AW-104 has failed - a replacement has not been
identified

Discussion: The transfer pump in 241-AW-104 is broken, and not currently scheduled to be
repaired or replaced. Two transfers from tank 241-AW-104 are scheduled in October 1998
and no pump has been identified. This tank will directly support operations surrounding
241-AZ-101.
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Batch 5 of Envelope A includes 3.83 ML (1,000,000 gal) of waste from 241-AW-104.
No transfer pump has been identified in tank 241-AW-104 to make the required transfer.

Issue: The existing pumps in most of the tanks are stick type pumps.

Discussion: Per the Tank Farms Pumping Equipment List (Riesenweber 1992), most of the
pumps involved in the transfers listed above are stick type pumps. These pumps are not
appropriate because the intake is near the bottom of the tank and the pumps will tend to entrain
solids. Nearly all of the transfers are intended to include liquids with only very limited solids
content. Transfer using the existing pumps.

Issue: The Design of the Existing Supernate Flex/Float Pumps Causes Pump to Lose Prime if
Transfer is Interrupted.

Discussion: The existing flex/float pumps are designed with the impellers above the tank
bottom. Once the liquid level in the tank goes below the impellers, pump prime will be lost if
the transfer is interrupted. The tank or at least the pump would need to be reflooded at least to
the impeller level prior to finishing the transfer.

Mixer Pumps
Issue: Crust Softening/Removal Techniques are not Tested

Discussion: Crust softening prior to retrieval of waste from Tank 241-AW-101 has been
identified as a necessary step in the transfer process. It is not clear that the identified method
of adding diluent to top of the tank will effectively soften the crust. Testing of this method
with simulated waste should be done to determine if softening is effective. Further, the
conceptual crust softening method may be impractical due to tank volume constraints.

Transfer Routings

Approximately 180 individual transfers involving approximately 30 different transfer
routings (see attached route list and sketches of the AW Tank Farm transfer routings) are
scheduled over the next 13 years to transfer waste either to or from tanks in the 241-AW Tank
Farm. Most of the transfer routes pass through either one or both of the 241-AW-A or
241-AW-B Valve Pits. The routings include at least six configurations involving six of the
nozzles in the AW-A Valve Pit and at least six configurations involving at least five of the
nozzles in the AW-B Valve Pit. Most of the nozzles used in each pit are involved in two or
more of the configurations.

Issue: The current jumper system in valve pits AW-A and AW-B is inadequate to support
transfers
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Discussion: The current jumper configuration in the 241-AW-A and 241-AW-B is inadequate
to support the identified transfers. Nozzle to nozzle rigid or flex jumpers without valves
would be the least costly in terms of fabrication and materials. The number of configurations
needed to support the identified transfers however would require frequent pit entry and jumper
modifications. The following nozzles need to be connected in the 241-AW-A Valve Pit:

Nozzle L1 to Nozzles L2, L14, L15, and .16
Nozzle L2 to Nozzles L14, 1.15, and L19
Nozzle 119 to Nozzle L16

The following nozzles need to be connected in the 241-AW-B Valve Pit:

- Nozzle R1 to Nozzles R14 and R15
Nozzle R15 to Nozzle R14, R16, and R19
Nozzle R14 to Nozzle R19
Nozzle R3 to Nozzle R9.

A suggested solution would be to design a manifold jumper system with the transfer
requirements specifically in mind. A manifold system would require only valving changes to
reconfigure the routing through the valve pit. The manifold system might be combined with a
flush, caustic injection, and/or recycle system which would allow routine operation of the
pumps (Conceptually a manifold system is not significantly different than the Project W-454
design.)

Introduction of valves in a.manifold system may result in more point failures than the
current system; however, more pit entries that would be required for configuration changes
which support a system of flex jumpers.

Another option may be to design a better method of making jumper changes such as a
vehicle with necessary confinement structures built in and a light duty (10 ton) crane. The
concept would be to move the vehicle into place, open the pit, make the necessary jumper change,
and close the pit all remotely. A similar design was developed for the hot conditioning annex of
the canister storage building (Hot Conditioning System Equipment Conceptual Design Report
[Merrick and Associates and W. L. Willis 1996], Drawing SK2-2-300420).

The nozzle connections listed were developed using the most likely (shortest available
3-in. routing) routings from the source tank to the destination tank. Additionally, for the
return of slurry from the evaporator, the following connection in the 2-in. slurry lines needs to
be made:

Nozzle R3 needs to be connected to Nozzle R9. There is currently a jumper that
. connects Nozzle R3 to Nozzle R9.

Issue: Current Jumper System in Pump Pit 241-AW-02A is inadequate to support transfers.
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Discussion: The current Jumper configuration in Central Pump Pit 241-AW-02A does not
allow a transfer from Tank 241-AW-102 to any other tank in the system without passing
through the 242-A Evaporator. A jumper modification is needed to allow connection of
Nozzle A to Nozzle K in the 241-AW-02A. This modification will allow transfer of waste
from tank 241-AW-102 to other tanks without passing the waste through the evaporator.

Issue: Line 3-in. SN-219-M25 is not operable.

Discussion: Line 3-in. SN-219-M25 has clean-out boxes. The clean-out boxes have leaked in
the past and no permanent fix has been identified. The 3-in. SN-219 connects the 241-A-B
valve pit with the 241-AW-B valve pit. There is an available transfer route between the
241-A-B and 241-AW-B valve pits as follows:

Through line 3-in. SN-204 from valve pit 241-A-B to valve pit 241-A-A
Through line 3-in. SN-220 from Valve Pit 241-A-A to Valve Pit 241-AW-A
Through line 3-in. SN-271 from Valve Pit 241-AW-A to. Valve Pit 241-AW-B.

Issue: Line 2-in. SL-161-M25 is not operable.

Discussion: Acid was transferred from the PUREX Facility to tank 241-AW-101 in 1984 or
1985. The transfer route used Line 2-in. SL-161-M235, a carbon steel pipe. The line failed a
pressure test on 04/16/1985 and was taken out of service at that time. The transfer path may
also have gone through Line 3-in. SN-271-M25, the supernate transfer line between the AW-A
and the AW-B Valve Pits. If the acid transfer routing did include the supernate cross tie line,
the 3-in. SN-271-M25 line may be damaged as well.

Issue: Abandonment of the 241-A-A Valve Pit requires that line LIQW-702 be connected
directly to line SN-220.

Discussion: The proposed new W-314 line does not require the use of Valve Pit 241-A-A
excepting waste transferred from 204-AR. A route from 204-AR to 241-AW that bypasses
Valve Pit 241-A-A would allow this valve pit to be abandoned. Connect line LIQW-702
directly to line SN-220, bypassing the 241-A-A Valve Pit.

Regulatory Compliance
Issue: Compliance of the Transfer Lines with WAC 173-303 Dangerous Waste Regulations.

Discussion: The configurations of some existing piping - pit wall penetrations do not meet
secondary containment requirements for tank systems because they do not ensure drainage of
pipe leaks to a leak collection and removal system. Current agency agreements on other
facilities (e.g., 242-A Evaporator) call for repairing/upgrading lines if unit is being modified
for any other reason. Agreements with agencies may be needed if waste transfers will occur
through lines with non-compliant wall penetrations.
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This compliance issue includes most of the lines in the AW Tank Farm.

All non-compliant lines need to be identified. Once the complete list of non-compliant
lines has been generated an alternative generation and analysis process should be used to
develop a strategy for dealing with each non-compliant line.

Issue: Concrete line Encasements

Discussion: Concrete encasements have not been demonstrated to meet secondary containment
requirements. Pipelines without compliant secondary containment must be leak tested on an
annual basis. All non-compliant lines need to be identified. Once the complete list of non-
compliant lines has been generated an alternative generation and analysis process should be
used to develop a strategy for dealing with each non-compliant line.

Issue: Ancillary Equipment Secondary Containment

Discussion: Secondary containment for ancillary equipment (pits, diversion boxes, pipe
trenches) must prevent migration of waste to the soil. This can be accomplished by leak
testing the secondary containment. The Washington State Department of Ecology also believes
these units should have coatings, but a regulatory basis for this requirement has not been
found. Alternatively, an inspection schedule might be negotiated to demonstrate the condition
of these units.

Issue: Written Integrity Assessment

Discussion: A written integrity assessment is required for operation of a dangerous waste tank
system. A limited amount of integrity assessment work has been performed for DSTs and
transfer systems. Negotiation of integrity assessment scope for TWRS facilities is ongoing.

Safety
Issue: System upgrades may be required to support Authorization Basis/BIO

Discussion: The document Authorization Basis Assessment of Waste Feed Delivery (Grams
1997) provides an evaluation of the Nuclear Safety Licensing needs for waste feed delivery.
The evaluation was performed using the USQ process as a guide. Thus, the evaluation
identifies activities that either require revisions to be included within the Authorization Basis or
an Authorization Basis amendment to include the activities as authorized activities.

The first issue is the identification of activities or topics that could not be adequately
evaluated at this time due to insufficient information. These activities or topics include the
following:
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. Returned waste eluent from waste vitrification facilities

. Return and interim storage of ion exchange media

. Waste transfer to contractor’s tanks

. Maintenance of equipment critical to waste feed delivery.

The second issue is the identification of activities which have the potential for
significantly changing source terms and resulting accident consequences, both radiological and
toxicological. These activities include the following:

. Waste mobilization with mixer pumps

. Waste conditioning for transfer

. Transfers of slurries

. Sludge washing (caustic and water based)
. Waste feed adjustment (shimming).

Follow-on tasks to complete the evaluation of waste feed delivery activities have been
identified. These tasks include a HAZOP, evaluation of source terms, evaluation of aerosol
generation, criticality analysis, analysis of impact on the potential for tank bump, and
evaluation of transfers from tank 241-SY-101. The results of these evaluations could either
require revising the activities such that they are covered by the current Authorization Basis or
an Authorization Basis amendment to include the activities as authorized activities. These
issues need to be fully developed, and may lead to the need for additional engineered
mitigation systems.

Issue: It will be dificult to isolate malfunctioning systems from systems that are functioning
because the BIO does not accept valves as an appropriate means of isolating active transfer
equipment from inactive systems. )

Discussion: In transfers made in the course of Tank Farms operations prior to the
implementation of the Basis for Interim Operation, using closed valves (i.e., double valve
isolation) was an acceptable means of isolating active transfer equipment. In the analysis
performed for the BIO, double valve isolation was not considered an effective method of
preventing or mitigating leaks induced by active transfer equipment.

The main reason for not allowing double valve isolation was the fact that misroutings
can occur and indeed have occurred in the past. To understand which controls, and safety
systems, structures, and components (SSCs) need to be operable and in place prior to waste
transfers it is necessary to understand the control philosophy that has been constructed related
to waste transfers. The following control strategy for potential misrouting of waste transfers is
described in the BIO:

The selected safety SSC and TSR controls for waste transfer-related accidents provide
three levels of defense to prevent or mitigate the risk of these accidents caused by waste
transfer misrouting.
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The first level of defense requires that the controls selected to prevent or mitigate leaks
from waste transfer systems (e.g., transfer system covers, transfer leak detection systems,
periodic ground-level radiation surveys of single-walled, direct-buried/bermed lines) are
operable or implemented for the “physically connected” topography of the waste transfer. The
physically connected topography refers to piping, structures, and tanks and their assoc1ated
instrumentation as follows.

1.

Physically connected piping is any piping which is part of or connected to the
transfer route. Piping need not be considered connected to the transfer route if
it is physically disconnected by a removal of piping (i.e., air gap) or isolated
with a blind flange/process blank. (Note: Closed valves do not physically
disconnect piping.)

The East/West cross-site transfer line is considered physically connected piping
only when cross-site waste transfers are in progress. The East/West cross-site
transfer line is the piping between 241-UX-154 diversion box and 241-ER-151
diversion box.

An operable service water pressure detection system is considered to phys1ca11y
disconnect piping on either side of the detection system.

Physically connected structures are those structures through which physically
connected piping runs, or structures that could be subject to leakage from
physically connected piping.

Physically connected tanks are those tanks connected to the transfer route, those
tanks connected to the physically connected piping, and those tanks designed to
receive leakage from physically connected piping through a drain path.

This first level of defense ensures that, should a mistransfer occur because of a leaking
or misaligned isolation valve, controls are operable and implemented where the waste could be
misrouted to detect and/or mitigate the consequences of a potential waste leak (i.e., spray,
pool, underground plume). For example, the transfer leak detection systems must be operable
in all physically connected structures (i.e., process pits, diversion boxes, valve pits, and clean
out boxes [COBs]) during the waste transfer.

The second level of defense is the selection of additional controls for identifying waste
transfer leaks or misroutings. These controls are the TSRs for periodic material balances and
periodic monitoring of interconnected tanks during waste transfers. Upon indication of a
significant material balance discrepancy or unexpected tank level rise, the waste transfer would
be shutdown to the limit the potential quantity of waste leaked or misrouted.

The third level of defense is controls that prevent waste transfer misrouting. These TSR
controls include the following.
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1. Wherever practlcal isolation of piping connected to the planned waste transfer
path with two closed valves in serles

2. Independent verification of the planned waste transfer route.

3. Waste transfer system and jumper configuration control.

4. Waste transfer system operations by approved procedures.
These controls reduce the likelihood of misrouting during planned waste transfers.

In summary, the selected safety SSCs and TSR controls and their required application
during waste transfers provide diversity and multiple levels of defense. The controls minimize
the likelihood of a waste transfer misrouting and ensure that, should a waste leak occur as a

.result of a misrouting, mitigative safety SSCs or TSRs are in place to reduce the accident
consequences.

Because transfers involving virtually all of the DSTs and many of the SSTs are
scheduled to occur, the “physically connected” system is likely to become very large and quite
complex. The size and complexity of the system will likely reduce system availability.

Instrumentation/Ancillary Equipment
Issue: Automatic Liquid Level Detection .Availability

Discussion: Automatic liquid level detection is not available in tank 241-AW-101 and some
other tanks. Part of the system that detects misroutings is the liquid level detection. Since
some of the tanks liquid level detection is manual, the ability to properly monitor and control
transfers is jeopardized.

Issue: Equipment/Instrument Control

Discussion: Equipment and instrumentation control in the 241-AW Tank Farm is via local
control. System upgrades are needed to ensure that the control system for the AW Tank Farm
is compatible with systems used in other farms.

Issue: Current System Complexity

Discussion: The number of valves involved in the transfers (MOVs Three way, and Isolation)
may increase the risk of misroutings and valve failures. Additionally, centralized control and
the master pump shutdown system may result in low system availability. The current
operations/maintenance philosophy may need to be revisited in light of the large number of
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transfers required and the impacts associated with the failure of the system to perform as
required. Modifications such as new simplified jumpers and methods of isolating parts of the
system entirely may be beneficial and should be evaluated.

Issue: Integration requirements for new and existing instrumentation and controls have not
been established.

Discussion: Existing instrumentation and control systems need to interface with new systems.
The systems need to work in a coordinated way per the operations concept. Existing and new
monitoring and control systems will be operated by TWRS personnel for efficiency, all of the
farms should be similar to the extent practicable (best engineering practice). Specific I&C
integration requirements will be' developed under an existing task by Vista Research.

Ventilation System

Issue: Electrical supply and control circuits to the primary fans are in poor condition and
jeopardize the reliability of the system.

Discussion: Specific components are identified in the Condition Assessment Survey (Golberg
1996). The primary issues were that wire terminations are not properly supported and control
circuits are pot fully functional. LCO 3.2.1 Technical Safety Requirements (BIO) requires
that the active primary ventilation system shall be operable. The basis for this requirement is
the need to prevent flammable gases from accumulating in the tank headspace. Suggested
scope is to write a work plan to confirm condition of electrical supply and control circuits and
document specific components requiring repair or replacement.

Issue: The 241-AW primary ventilation stack will likely require upgrades to provide
continuous air emissions monitoring in compliance with NESHAP.

Discussion: It is likely that the 241-AW primary ventilation stack will be redesignated from a
minor to a major stack. Permitting, monitoring, and potentially treatment requirements will
change. It will be necessary to upgrade the 241-AW ventilation system to be compliant with
NESHAP. This is likely to require changes to the effluent monitoring system. A fully
NESHAP - compliant ventilation stack system has been developed under Project W-420. The
estimated project cost for a single stack is approximately $200,000. A criterion for
designation of an effluent discharge stack as minor or major is whether the potential for
unabated discharges results in an off-site exposure of 0.1 mrem/yr. Air modeling
requirements have recently changed by a factor of 1.5. This increased factor causes the
current 241-AW primary stack to exceed 0.06 mrem/yr unabated releases under current
conditions. Increased releases are likely due to mixer pump operation. The design for
changes to the 241-AW primary ventilation stack will be similar to the design done for the
W-420 Project. '
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Issue: The current HVAC system does not have the capability of removing toxic pollutants
from off-gas.

Discussion: This issue is particularly important during a GRE. The concentrations of volatile
toxic pollutants in the tank waste are not well characterized. Release limits are not currently
defined. Install or provide expansion capability for an activated carbon filter and dry scrubber
system in the HVAC system to reduce or eliminate toxic pollutants from the off-gas stream.
Toxic constituents are present in off-gas from the tanks potentially at concentrations which will
require abatement. This follows the recommendation made in the Initial Assessment Report
HVAC Systems (Kriskovich 1996). Adding the capability of toxic constituent removal to the
HVAC systems is currently planned for W-314. Development of a basis for this requlrement
will require vapor space sampling of target DSTs with analysis for TAPs.

Issue: There currently is no direct method to measure the primary ventilation airflow from
tank 241-AW-101.

Discussion: The filtered inlet air flowrate is monitored but this doesn’t account for inleakage
through pump pits, etc. It is necessary to install flow meters in tank 241-AW-101 primary
ventilation exhaust ducting. Flow monitoring in conjunction with hydrogen monitoring
equipment already installed, will allow for determination of the overall hydrogen generation
and release rates. This information will be necessary for controlling the waste degassing
operation. See Technical Basis For Installation of the Double-Shell Tank Exhaust Flow
Monitoring Systems (Willingham 1997a) for a detailed basis and Double-Shell Tank Primary
Ventilation Exhaust Flow Monitor System Design Description (Willingham 1997b) for
conceptual design information.

Electrical

Issue: A 1995 assessment found many deficiencies with the motor control center
MCC-241-AW.

Discussion: This MCC will be operational through the end of the Phase 1 Privatization so the
electrical system must be repaired. A work package will be prepared to confirm the condition
- of MCC-241-AW and document the specific components requiring repair or replacement.

Issue: The addition of waste retrieval systems to tank 241-AW-101 will add a significant load
to the 241-AW farm electrical system.

Discussion: It is not clear that the new loads that will be installed under project W-211 have
been fully evaluated and compared with excess capacity in the system. The electrical
transmission systems may need to be upgraded to account for the new loads. A work package
will be developed to review the electrical system capability and availability versus use and
document.
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Utilities
Issue: Transfer line flush requirements have not be established.

Discussion: Water is needed for transfer line flushing and dilution/dissolution of waste. The
current flush system at 241-AW is capable of approximately 0.23 ?/min (60 gal/min). It is
expected that the new system to be installed by project W-211 will provide up to 0.57 nf/min
(150 gal/min). Establishing a defensible basis for the flowrate will require a review of solids
resuspension models and potentially pipe loop studies. A work plan and cost estimate for these
activities are currently being developed by PNNL.

Issue: The 241-AW air compressbrs cycle frequently resulting in early equipment failures.

Discussion: The air compressors cycle every 30 to 50 seconds and experience early failures.
Reliability of some of the tank farm instrumentation is based on the reliability of the
compressed air system and are needed to support existing and future operations. A work
package will be developed to assess the compressed air system and determine the cause of the
frequent cycling. After the cause of the cycling has been determined, a scoping study of
alternatives is needed to develop a project requirement. Alternatives might include repair or
replacement of buried air lines if leaking or larger compressed air receiver tanks.

Waste Retrieval

Issue: Process requirements have not been completed for retrieval of waste from tank
241-AW-101.

Discussion: The process requirements for retrieval of waste from tank 241-AW-101 as feed to
the privatization vendors under Phase I of the contract have not be finalized. These
requirements primarily establish the design criteria and bases for the criteria for project
W-211. A number of process requirement issues are provided in Table E-7 of Appendix E.

OPPORTUNITIES

The most likely transfer route to tanks 241-AP-102 and 104 flows from the north tank
farms in the 200 East Area south through new lines to be provided by Project W-314. The
likely route passes through several valve and pump pits and numerous valves. A failure of a
component in the likely transfer route may lead to a delay in delivery of feed to the private
contractor with the associated “failure to deliver” penalties.
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The likely transfer route from tank 241-AW-101 to tanks 241-AP-102 and 104 uses a
different set of lines than the likely route from 241 AN Farm. Tank 241-AW-101 is currently
scheduled to be delivered as the third of five tanks in Envelope A. By preparing necessary
transfer systems for tank 241-AW-101 earlier than the current W-211 schedule, and then
rearranging the schedule such that tank 241-AW-101 is delivered at the end of envelope A, the
DOE and TWRS contractor gain a higher assurance that feed delivery schedules can be met,
and failure to deliver penalties avoided.
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APPENDIX C

TRANSFER REQUIREMENTS
AND EXPECTATIONS

Appendix C contains a list of requirements and expectations for the transfers. The
transfers were divided into three groups. The first group of transfers is the waste feed delivery
transfers. The second group is one slurry transfer to clean the solids from tank 241-SY-102.
The third group is all remaining transfers. The following assumptions were made

Slurry transfers have typically been made through 2-in. lines, whereas
supernatant liquids have typically transferred through 3-in. lines. The transfer
velocity through a 2-in. Line is over twice as high as through 3-in. line for the
same volumetric flow rate. The higher velocity helped to ensure that the solids
in the slurry would not settle during the transfer and cause line pluggage. A
guidance has been established that if a transfer could be done such that a
Reynolds Number (Re,) greater than 20,000 was achieved, no solids settling or
line pluggage would occur. In 3-in. line, slurry with a density of 1.41 g/ml,
and a viscosity of 10 cP would need to be transferred with a velocity of at least
1.83 M/sec. In order to achieve a Re, greater than 20,000. It is assumed that
this guidance only applies to slurry transfers. For supernatant transfers (which
contain only liquids) there is no minimum Re, guidance. It will be important to
demonstrate that no solids will form during supernatant transfers due to
temperature or concentration changes which will occur during waste dilution or
transfer.

Of the approximately 180 total transfers to or from the AW Tank Farm Tanks,
only transfers from tank 241-AW-101 to tanks 241-AP-102 and 104 (four
transfers), and transfers from tank 241-SY-102 to tank 241-AW-105 (one
transfer) are slurry transfers. All of the other approxnnately 175 transfers
involve only the transfer of liquids.

Evaporator campaigns will not concentrate the waste to the point that the waste
is considered a slurry. All waste transfers from the evaporator to tank
241-AW-106, and from tank 241-AW-106 to other tanks will therefore consist
only of liquids.

The W-211 Project will provide mixer pumps or an equivalent and new transfer
pumps capable of meeting the pump-ability rule (Re, = 20,000) in tanks
241-AW-101. This installation is scheduled to occur prior to the transfers.

Tanks will be sampled prior to transfers and tank contents shown to be
compatible.
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The Tank Farms has the capability and will maintain the capability to obtain
tank samples from different levels in all tanks.
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APPENDIX D

CALCULATIONS

Appendix D contains calculations done to determine transferability of the waste along
the 32 transfer paths identified in Appendix A. Transfers that deliver waste to the private
contractor(s) were considered to be of utmost importance. Four of the transfers in the list
deliver the diluted contents of tank 241-AW-101 to the private contractor(s) as the third feed
tank in Phase 1B Envelope A.

Viscosity, density, and flow rate information is necessary to estimate the pressure drop
which occurs as fluids are transferred through pipes. Viscosity and density information on the
diluted waste in tank 241-AW-101 is not available, but viscosity and density information for
diluted tank 241-AN-105 waste is available. The waste in tanks 241-AW-101 and
241-AN-105 is assumed for the purposes of this document to have similar density and viscosity
characteristics. Given the nature of the waste in tanks 241-AW-101 and 241-AN-105, this
assumption is conservative because tank 241-AN-105 has a higher solids content. The
measured viscosities and densities from the tank 241-AN-105 dilution study were used in the
pressure drop calculation for the transfer from tank 241-AW-101 to tanks 241-AP-102/104.

A requirement has been made (Claghorn 1998) for feed delivery transfers to have linear
velocities between six and nine feet per second. A velocity of 1.8 m/sec (6 ft/sec) equates to a
flow of approximately 0.53 m*/min (140 gal/min) through 3-in. pipe. A flow rate of

0.53 m*/min (140 gal/min) is equivalent to approximately 3800 n? (1,000,000 gal) over five
days. With the viscosity, density and velocity assumed, Reynolds numbers were calculated
for three temperatures. The Reynolds numbers were used to determine friction factors and the
friction factors were in turn used to estimate pressure drops per unit length of pipe. The
equivalent length of pipe of the transfer route from tank 241-AW-101 to tank 241-AW-102
was calculated by summing the equivalent lengths of all of the components in the route. The
pressure drop per unit length of pipe was then multiplied by the equivalent length of the
transfer route to estimate the total pressure drop in the line. This calculation is included in this
appendix.

It is important to note that actual pressure drop in the line is dependant on the actual
flow rate, which flow rate is in turn dependant on the pump. Two pump curves were
available, one for some existing pumps in the 241-AW Tank Farm, and one for a next-
generation pump scheduled to be installed as part of Project W-211. It is important to note
that the two pump types are likely to represent boundary conditions regarding which pumps
will actually be in service when the transfers are made. The pressure drops were calculated
for a fluid with a specific gravity of 1.5 and a viscosity of 5 centipoise at flow rates from O to
0.85 m’ (0 to 225 gal/min). These pressure drops were used to calculate total pressure drops
in lines with equivalent lengths of from 305 m to 3050 m (1,000 to 10,000 ft). With the
exception of the transfers from tank 241-SY-102, all other transfers evaluated here have
equivalent lengths of from approximately 305 m to 3050 m (1,000 ft to 5,000 ft). Both 2-in.
and 3-in. pipe was evaluated. Curves of flow rates versus pressure drops for the given
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equivalent length were plotted on the pump curves. The pump should operate at the point
where the curves intersect, and therefore the expected actual flow rate for the given pump can
be determined. For each of the equivalent lengths expected flow rates were determined for
two and three inch lines for both pump types. A curve was plotted which gives the expected
flow rates for each pump type in 2-in. and 3-in. lines over the various equivalent lengths. A
plot of viscosity versus density versus flow rate through three inch pipe for a Reynolds number
of 20,000 is also included.

Another important issue evaluated is the total solids to be transferred. It is believed
that the PHMC will be limited to 5 vol% solids in the material delivered to the private
contractors. Tank 241-AW-101 currently contains approximately 27 vol% solids. Most of
this material is considered to be soluble. It is important to evaluate what fraction of the
material will remain a solid following dilution and dissolution prior to delivery to the private
contractors. An Environmental Simulation Program (ESP)' water survey was performed in an
attempt to determine solids content with dilution volumes of 25, 50, and 75 vol%. The results
indicate that the solids content will be much less than the allowable 5 vol%.

Another important variable to evaluate is temperature. Some of the tanks contain
saturated solutions. As the temperature of the saturated solutions drops, solids form. Tank
temperatures were compared to tank contents. As a general rule, tanks that contain dilute
solutions are cooler than tanks that contain concentrated solutions. Also, tanks that are
relatively full in general have higher temperatures than tanks that are relatively empty. A
potable exception is tank 241-AP-101, which contains 4224 ot (1,116,000 gal) of solution
which is saturated in aluminum salts and some other compounds. Tank 241-AP-101 has an
average temperature of 18.6 °C (65.4°F). An evaluation was made of the effect of cooling
this waste by approximately 5.6 °C (10°F). It was determined that cooling this waste would
result in the formation of solids, however the volume of solids in the solution remains much
fower than 5 vol%. .

'ESP is a trademark of OLI Systems, Inc.
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Calculation Prepared by W.Lw;r,sl_
Checked by R.M. Orme, O

We Need to determine the flow characteristics for a transfer from Tank 241-AW-101 to Tank 241-AP-12, -
First the routing fo be used is needed: :

RYis
{

Etarting at Tank 241-AW-101 Central Pump Pit 01A, the routing goes through line 3"SMN-261-M2
to the 241-AW-A Valve Pit, IT IS IMPORTANT TO NOTE THAT THE PIPING CONNECTIONS IN THE
241-AW-A VALVE PIT ALLOWING CONNECTION OF LINE 3"SN-267-M25 WiTH 3 'SN-267-M25 IS NOT

- CURRENTLY IN PLACE. UPGRADES TO THE JUMPER CONFIGURATION IN THE 241-AW-A VALVE PI

ARE REQUIRED BEFORE THIS TRANSFER CAN BE MADE,

From the 241-AW-A Valve Pit, the routing goes through line 3"SN-267-M25 to Tank 241-AW-102
Central Pump Pit 02, .

From Tank 241-AW-10Z Central Pump Pit 02A, the routing goes through line 3"SN-609-M25 to
Valve Pit 241-AP,

From Valve Pit 241-AP, the routing goes through line 3"SN-612-M25 to Pump Pit 241-AP-02A, an
from thefinto the tank.
Assumptions:

The transfer {(up to 1,000,000 gallons) viill need to occur over a period of no more than five cays.
. 1000000+ gal
Or conveiting units . )
Flow = Q Flow 03098 +sec™t

The next step !s.to convert thé flow rate to a velocity, first we peed lto calculat'e the cross section of -
the piping. For Schedule 40 pipe the Inside dimeter is 3.068in -
- 2

. D :
D:=3068in  Area:=n- \z . Area =0,051-0%
The mean velocity In the pipe Is then given by dividing the flow by th.e cross seclional area
vel:= -2 vel =6.028 500!
Area

Now we nead 5 detenmine the reynolds number in order to calculate the pressure losses In the pipe.
Reynolds number for flow through a pipe Is a function of the fluid density, meaa velocity, pipe diameter, and
fulid viscosity. Mean velocity and pipe dizmeter have already been defined, but we need to define fluid
density and viscosity. Analysis has not been completed on the Waste in Tnak 241-AW-101, however,
analysis done on Tank 241-AN-105 supemate (which is.assumed to contain waste wkich is similar to the
waste in Tank 241-AW-101) shows the following for 50% dilution: -

At25 deg C © At4SdegC At65deg C
'p25 = 13452 p45 = 132,82 p65 = 13180
mL mL mL
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QZS = 610 >poise 45 = 4-10" % poise o U65 = 2.5-10" % poise

Now that the density and viscosity are defined the reynolds numbers can be calculated at the various
temperatures. Reynolds number is defined as follows

pL‘
m

For the temperatures listed above the reynolds numbers are as follows

Re = ——

p25-vel-D "
Re25 1= ——u— Re25 =3.197:10
p25 .
p45-vel-D -
Red5 = RedS =4.725-10 .
u4s .
p65 -vel D "
Re65 = p Re65 =17.502+10°
p

From Hydraulic Institute ”Engmeenng Data Book" 2nd Edition, The fnchon factors for these reynolds
. numbers are:

25 := 0.02525 £45 = 0.02350 : 65 := 0.02170
Th'e formula for AP m apipeis given- by
L\ v*
Chf= f{— )
D/2g
Where hfis the total head loss in ft of water, is the friction factor, 1. is the pipe length, D is the pipe
diameter, V is the mean fluid velocity, and g is the acceleration due to gravity. By rearranging, we arrive at
_ the pressure drop per unit length: hil.=(f/D) X V2/2g. The pressure drops per unit Iangth for the 3
temperatures are listed below:

2 2
hfi.25 = 25 .ﬂ hfLA45 := 45\ vel’ hfL65 := f65) vel
D/ 2g D/2g D 2g

hfi.45 =0.052 hflL65 =0.048

hfL235 =0.056



) Lo . HNF-2238
’ Revision O

Now we need te determine the fengths of pipe and the eguivalent lengths of the fittings in the route. |
the first leg In the route s from the tank to the outiet from the 01A Central Pump Pit. The
configuration of this leq is included as figure 2. The leg _contains the following components

linea := 12-f 3" schedule 40 pipe

conecta := 2 3" PUREX type connectors

twvta := 13" 3 way ball valve (flow through run)

1g80a := 2 3" long radius 90° elbows

The second section of the route is the 3"SN-261-M25 Line which contains the following components
lineb := 56-A3" schedule 40 pipe
1g90b := 33 long radius 90° elbows ’

“The third section of the route is i the 241-AW-A Valve Pit (it is impor:ant to note that the following
components do not exist. Work to design fabricale and instali these components is part of the
W-454 Project). The 241-AW-A Valve Pitis assumed to contain the following comiponents:

Tinec := 12-ft 3" schedule 40 pipe

conectc := 3 3" PUREX type connectors

twvtc := 13" 3 way ball valve (flow through run)
twvbce := 3 3" 3 way ball valve (flow through branch)
blvlve := 23" bail valves

. 1g90¢ := 1 3" long radius 90° ethow

The forth section of the route is the 3"SN-267-M25 Line which contains the following components

lined = 1_05'ﬁ3" schedule 40 pipe
1g90d := 5 3" long radius 90° elbows

The fifth section of the route is in the Tank 241-AW-162, 02A Central Pump Pit, and includes the following
components .

i
linee := 10-ft 5" schedule 40 pipe

conects := 2 3"PUREX type connectors

twvte - 13"3 way ball valves (flow through run)
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twvte .- 1 3" 3 way ball valves (flow through run)

1g90¢ := 6 3" long radius 90° elbows
The sixth section of the route Is the 3"SN-609-M25 Line which contains the following components

linef := 725 f13" schedule 40 pipe
1g90f := 133" long radius 90° elbows

The seventh section of the routs fs in the 241-AP Valve Pit, and includes the following components

lineg := 35-f13" schedule 40 pipe

cohectg = § 3" PUREX type connecters

twvtg := 13" 3 way ball valves (flow through run)
twvbg ;= 23" 3 way ball valves (flow through branch)
blvlvg := 33" ball valves

1g90g := 113" long radius 90° elbows
st90g := 1 3" standard radius 90° elbow

The eigth section of the rcute is the 3"SN-612-M25 Line which contalns the following components

lineh := 410-ft3" schedule 40 pipe

1g90h := & long radius S0° elbows

The ninth and last section of the route is in the 241-AP-02A Centrcl Fump Pit, and includes the following
components .
linei := 45-ft 3" schedule 40 pipe - .

conzcti := 53" PUREX type connectors’

twvti := 33" 3 way ball valve (flow throuth run)

1g90i := 7 3" lony radius 90° elbows
st90i := 1 3"standard radius 90° elbow
St45i := 1 3" standard radius 45° elbow

The total fine length is given by the sum of all the line segments

linetot := linea + lineb + linec + lined + linee + linef - lineg + lineh + finei
linetot = 1.45:10° -t

Now to determine the equivalent length of the fitings, the number of each type fitting is multiplied by the
equivalent length in pipe diameters (lJD) from Crane Technical Paper # 410 "Flow of Fluids through Valves
Fittings, and Pipe".

First for the PUREX type connectors (assumed to have equivalent pressure drep as in an angle valve),
LDcon := 1435 pipe diameters. Henca for a 3" pipe Leon = LDzon'D Leon =37.072+t
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For a ball valve with flow through run the equivalent length in pipe diameters is
LDtwvt := 44 pipe diameters, Hence for 3" pipe Ltwvt := LDtwvt-DLtwvt = 11.249-R

For a ball valve with flow through branch the ., ivalent length in plpe diameters is
LDtwvb := 140 pipe diameters. Hence for 3" pipe Ltwvb := LDtwvb- D Ltwvb =55793+f

For a ball valve the equivalent length in pipe diameters
LDblvlv := 18pipe diameters. Hence for 3" pipe Lblviv := LDblvlv-DLblvlv =4.602:t

For long radius 90° elbow, the equivalent length is LDIg90 := 20Pipe diameters, Hence for 3" pipe,
Llg90 := LDIg90-D Lig90 =5113-ft

For a standard radius 90° elbow, the equivalent length is LIDst90 := 30pipe diameters. Hence for. 3" pipe,
Lst90 := LDst90-D Ust90 =7.67:f

For standard radlius 45° elbows, the equivalent length is LDst45 := 16 pipe diameters. Hence for 3" pipe,
Lst45 := LDst45-D Lst45 =4.091-1t :

Now, we calculate the gqivalent length of the fittings. First for the PUREX connectors
ELcon := (conecta + conectc + conecte + conectg + conect.i)~Lcon'

ELcon =630218-f

Next the three way bali valves with flow through run

ELtwvt := (fwv_ta +TWVIC + twvte + Wg + twvti)-Ltwvt

BLtwvt =78745-t '

Next the three way ball valves with flow through branch

ELtwvb := (twvbe + twvbg) Ltwvb

ELtwvb =178.967-f A

Next the long radius 80° elbows

ELIg90 := (12902 + 1g90b + 1g90c + 1g90d + 1g90e + 1g90f + 1g90g + 1g90h + 1g90i)- L1290
ELIg90 =286.347-f

Next the standard radius 90° slbows

ELst90 := (st90g + st90i) Lsto0 ELst90 =15.34-8
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Finally, ﬂ'\e standard radius 450 elbow

ELstd5 = (st45i)-Lst45 ELstd5 =4.091-8

Now we t;an calculate the total equivalant length of all the fittings

ELftot := ELcon + ELtwvt + ELtwvb + ELIg90 + ELst90 + ELsMS

ELfiot =1.194-10° &

Now the t'otal effective pipe length is the sum of the pipe lspgth and the equivalent ler:gth ;>f all the fittings
ELtot := linetot + ELftot + 40-ft

ELtot =2.684:10°. -t i » .

The additional 40 ft is added to account for the length of the discharge pipe in the tank.
The total estimated head losses for each of the three temperatures can now be calculated

Loss25 = hfL25-ELtot Loss25 = 1496518

Loss45 :='hfL45-ELtot " Lossd5 = 1392793

Loss65 = hfL65-ELtot . - Loss65 =128611-f

In addition to the pressure drop, there is a 41 ft gain in the transfer from the bottom Tank 241-AW-101 to
the top of Tank 241-AP-102. Theref ing a temperature of 25°C, if the fluid being transferrred
were water, the pump would need delwer'\ inimum head of approximately 181 f. Since the density of
the solution is 1.34, the minimumn discharge head required is 265 ftor 111 psi.
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A-30 APPENDIX A —PHYSICAL PROPIRTILS OF FLUIDS AND now :uucmuncs'ov VALVIS, HTTINGS, AND it} CRANE

Schedule (Thickness) of Steel Pipe Used in Obtaining Resistance
Of Valves and Fittings of Various Pressure Classes by Test*

-8-5-00-0-0 8 8

Schedule No.
ANSL llev;xfgmxénﬂon of ;l;c *These schedule numbers have been arbis
‘Steam Rating Cold Rating ‘Thickness wrarily seluud only for the purpose-of
the various pressure classes
356-Pound and Lower 500 psig Schedule 40 of valves end fittings with specific
. 300-Pound to $00-Pound | 1440 psig § - Schedule 30 pipe dimensions for ge mterprctauon
900-Pound 3160 prig Schedule 120 of flow test datas they should not
1500-Pound - .___.m P“x‘ _______..—-————s"“;““ % construed 28 a ucommendanon for
P 14 10 & paig | xx (Double Extra Strong) installation purposes.
2500-Poiund| s gnd Targer § 3600 psig Schedule 160 L
Represen'uhve Equnvalent Lengtht in Pipe Diameters (L/D) . ==
Of Various Valves and megs . e
g Siviient Length
. Deseription of Product . . i Pipe Dx.nmm .
R Stem Perpendice With no obstruction In flag, bevel, or plug type seat Fully open m .
 Globe | s toRun__ | With wing or pin gulded disc Fully open 50
Valves . o cbatruction in fist, bevel, of plug xype ) .
YePattern © | = With stem 60 degress from nun of plpe line Fully open
~ With stem 45 degrees from nun of pipe line Fully opent
With no obstruction in fat, bevel or plug type seat Fully open
Angle Valves Wih ving o pin giided dise Fully open
. . R Fully open
wdgc. ik, e : oo oo
Bad Dke Cnehalf opers
i One.quarer
- .. Th Fully open
X . Thecexqarters open
S Puxp Sleek ) . TN v rps
- - - One-quanst open
“Condult Pips Line Gate, Bal, and Plug Valves Folly.open
T, [ Conventional Swing . 0.51. . -Fully open
q‘“"‘ Clessway Swing” * - . 0.5¢...Fully open.
- Ghn: | Globe Lfe or Stop: Stem Perpendicular to Runor Y-Pattem - 30%...Fullyopen
Angle Life or Stop 204...Fully open
In-Line Ball 2.5 vertical and 0.25 horizontalt. . Fully open
With poppet Bioaype dine ~03t...Fully o=
Foot Valves with Stralner | yi Joyther-binged dise . . oat...Fully
Butcerfy Valves Boinch and larger) - Foliy epm
- Stralghn Through | Recangular plog port ares caval to 100% of pipe srea _Fully opon
Cocles | o ee-Way meul-r Plug port area equal 1o Flow straight through
: % of pipe ares (flly cpend Flow through branch
90 Degree Standard E‘lbow
45 Digree Standard Elbow
. 9 Degree Long Radius Elbow  * oo+
50 Degree Street Elbow ]
Fittings] 45 Degree Street Elbow . 6
Corner Elbow . : 57
Stande l flow through v 20
Standerd Tee fow: through branch . ©
Close Pattern Retumn Bend 50
90 Degree Pipe Bends ; i Sec Page A27
“pipe | Miter Bends See Page A7
Sudden Enlargements and Contractions Sce Page A2 == |
Entrance and Exit Losses . See Page A-26 i
TExact cquivalent Jongth N feolated TFor Timitations, tae_ page . \
e R e o R (O X K = T
sion fow to it due fuly. 2l hections. see poge 210,

flange fuc«ur\'ddmgendx

For rasistonce fostor

of pipe, ond eqvivoleat Rew carhi
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HNF-2238 - - . R

: Revision 0
For 2" Pipe Lengths of
feot . -
-/ Flow .
. . Rate 1000 2000 3000 4000 5000 60000 7000 ‘8000 9000 10000
{Gpm} Total Pressure drops (feet of water) .
- 0 ° .0 o 'y 0 ° 0. 0 0.
8 . .
10 374 7.47 11.21 14.95 18.69 224.22 26.16 29.90 33.63 387.87
15 7.75 15.50 23.25 31.00 38.75 465,05 54,26 62.01 €9.76 7751

20 12.99 25.97 38.96 51.95 64.94 . 779.24 9091  103.90 116.8¢ 120.87
25 1942 38.85 58.27 77.69 9712 116540 135.96 155,89 174.81 184.23
30 27.22 84.44 81.66 108.88 136.10  1633.22 19054 217.76  244.98 . 272,20
35 3645 72.89 109.34 145.79 18224 2186.85  255.13 29158  328.03 364.47
40 46.83  93.66 - 14048 187.81 23414 2809.69 327.80 374.62 42145  468.28
45 57.90 . 11580 17370  231.60 28950 3474.04 40531 463.21 521.11 579.01
50 7036 140.71 21107 26143 35179 422145 49250 562386 .633.2? 70357

60 99.42 198:85° 298.27 " 397.69 497.12 . 5965.39 695.06 79539  894.8% 994.23

70, 132.87 26574 39862 53140 66436 797231 93010 106297 119585 132872
75 . : . .
80 © 17209 B44.17 51626 68835 86044 1032525 1204.61 137670 154879 172087
85 :

90 21453 420.07 64360 85813 107266 12871.96 150173 171626 193079 2145.83
95 . : -

100 26208 652595 78893, 1051.50 1314.88 1577853 184083 2103.80 2366.78 2629.76
105 ’ ’ . .

110-

118

120 . )
125 406.00 B11.99 1217.99 1623.99 202099 24350.84 2641.98 3247.95 865398 4059.97
130 . . .

135

140

145 .

150 57901 115801 1737.02 231603 280504 3474045 4053.05 463206 5211.07 6790.07
155

160

170 .
175 77278 154556 231834 3091.12 3863.89 46366.73, 5400.45 618228 6955.01 7727.79
180 .

190
195 )

200 99654 1993.08 2080.62 398616 4982.69 5979233 6075.77° 797231 B8968.85 9965.39
205 ’ :

210

215

220

225

D-14



HNF-2238 .
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Revision 0
For 8" Pipe Lengths of : -
foet :
Flow : .
Rate 1000 2000 3000 4000 5000 60000 7000 8000 9000 10000

{Gpm) Total Pressure drops (feot of water)
° o . o 4 ° 0 0 0 ° ° 0.

* 10

135 .

20 1.937714 3.875429 5.813143 7.750857 9.688571 116.2629 13.664 15.50171 17.43943 19.37714
25 2.883503 5767007 8.65051 11.53401 14.41752 173.0102 20.18452 23.06803 25.95153 28.83503
B30 3.944533 7.889265 11.8339 1577853 19.72316 236,678 27.61243 31.55708 3550169 39.44638
35 5.236442 10.47288 15.70933 20.94577 26,18221 314.1865 36.6551 41.89154 4712798 52.36442
40 6,643592 13.28718 19,93078 26.57437 33.21796 308.6155 46.50514 53.14873 £9.79233 ©£6.43592
45 8.281422 1656284 24.84427 33,12569 41.40711 496.8853 57.96995 66.25137 74.5328 82.81422
50 ©.965388 19.93078 20.89616 30.86155 49.82604 597.9233 69.75771 797231 80.68849 99.65388
55 :
.60 14.04843 28.09686 42,14529 56.19371 70.24214 8429057  08.339 1123874 1264359 140.4843

o

70 -18.6851 87.3702 $6.05531 74.74041 ©3.42551 1121.106 130.7957 149.4808 168.1659  186.851
75
8

L3

23,76007 47.52014 71.2802 ©5.04027 118.8003 1425.604 166.3205 190.0805 213.8406 237.6007

[
o5 . . .

100 36.44748 72.809497 109.3424 1457899 182.2374 2186,849 2551324 2015799 328,0273 364.4748
105 . : .

110

115

120 : - . .

125 55.82463 111.6493 167.4730 223.2085 279,1231 3340473 350.7724 446,597 502.4216 558.2463
130 '

135

140

145 . :

150 77.50857 155.0171 232.5257 .310.0343 887.5429 4650514 542,56 620.0686 697.5771 775.0857
155 - :

160

1=3

29,75776 5951551 89.27327 119.031 148.7885 1785465 208.3043 238.062 267.8198 207.5776

170 . .

175 103.8061 207.6122 311.4184 415.2245 519.0306 6228.367 726.6429 830.449 934.2551 1038.061
180 ! . i
185

180

198

200 133.7946 267.5891 401.3837 535.1782 668,9728 B8027.673 9365619 1070.356 1204.151 1337.946
205

210

2185

220

22!

153

167.2432 834.4864 501.7295 668.9728 836216 1003459 1170702 1337.946 1505189 1672.432



2238

Revision 0

HNF

w ) WIAL SoNNI S =5a<@11<u>w SdRNd\NIZINS dWNd WIISNYHL AHEAS
Wdd HvYA JAvd UTEN =w._.u.m._h§m<ﬁll «P6'S o /_ ANVAWOD QHOANYH
m dNNd IDV.LS S WIALXE oyt -} ] \ -ISNOHONILSIM
& . . ) ’ m.Sz_S H3d SNOTIVD '
it o 082 ov ;002 . 091 | oz
0 0
o o 02 - .01
0 I 11 i
“ 0 i A
g oF - 02 | ittt
o . s
K 09~ o | il
o ]
m ol vt b
3 Ikl Bl
" Q 08 1 i i x
. o ) g g
P4 ! Tarsld @]
£ 2 09 . T 5
8 i ; R m
. oL H : fiEn .ny.x.V i
B I i -
w —- Om & .@m “ QRT 41 { ()
@ | | HEHI
z’ ' N G Y fINl (EE o)
8 Z 0+ 06 }z
Iy 0
s £ ] it
o z 02 HiH ]
- -n | fhert
™ m . i
o 9o
w
o
o
£

92918 _




HNF-2238

Revision 0

Qo2

FAX 308 373 171

09:19

' 01/19/88

.Iomn%.w “uva” mdrd.rﬂ M TNAQ

yig-idd witg
' |II|.‘I\0.OZ “OMQ
G-992e-03

rgge-olee-0g ON Vi3S ﬁwu >m>>oE >U 0 Qmm d

Oul/

T $30V1S 40 "ON Tm_

A

N ——aaal

q0L 9 dAL} -

Gntay) T

© T hobdb 2 e ] .—:.:y:i

9156 %08 0.
vony {rgorg LLLWOLD

cave

il

i

NNIW mma mZO.S<O 5N

_

i
_ Ui

_ Mq: %:
L
i

d

,,.:

il

Ll

(- SAWNG 5SAO0EA K OB = Ol

V3 y-x1-deB-52ee -UbD
‘ABHL  b-XL-dEL-G2E2- 1y 9L
C et WNOUENATINT TTTEMIOCE.

* . e v A amtrLenl

.

3.1:::.::-.-..:::104‘4LM

il

T &

|

w,, Lot
IE

—

EEEER S aviaH 1viO0l
D-17

e

-+
e

|

I il

sl

U

.

J%?ég +{3eq \03 .¢ 000!

wdQ ot~ JL@ _.m -
S fo~ o2




HNF-2238

TWI rer 2w

Revision 0

o e SRS o | Sdwind CELA dWNd YSISNVHL ALUNTS
- W YBYA | v yammgan v . / ANYAWNODO QUOANYH
8 dANd 3OYLS S WIAZX S R \ . -ISNOHONILSIM
s _ : N ALONIN U3d SNOTIVO
N o Ove ¢ 00z - 00k | o - op- or 0
0 0
o o 0 0
a oy~ 02 . A HiY i i o
3 . | . ¥ 2.0 U A Y]
w ¥ . IR
a 09 - o¢ [
— 1
oy J s
m o SRRl
rﬁl .h\ 7 jlm ,.,k”
‘0 o 08 L T} T
o 2% . [t il iy
g Z it 1 I __ _. ] o
© 09 dif ] 1 U =
.m < 3 PR AT | ! Z
4 i il . RN i : m
o o : ! SR ,% ! m
x 3 oL -ff: . itk RN 5
g B ] { il
v A F I I B
= 5 . . 4 _em._ il 51
.o 08 T i1 H ¢ i
0 ] ¥ X 1
oz o il A I TN G T G
B Z 0o 06 : :
. 1] . . 1 i) i i | i
e Z 02 - i i
oo T . il |
700G e Gl
@ ] - W) oAt + ooop
m .mwmhm _ : Lo
o T POT -3V B ToT=ay —

D-18



HNF-2238

yig-idd 18304

o . o S e o2 ON "OME
8 GG e A ..:;n o S : e : §-g7ee-0d
o C T hobahL (HseOr wHIvL
_Sgee Nm.osm\z bl M%m“ x Aemol >ﬁb.Qm®n_ Sl s - 2u5b wegted
T $39VI$ 40 ‘'ON - @ . T ong fecovg 1LY
e ML w. Flt:l:ii i -
* _ "7 LN 434 SNOTIVO SN w A i # E
e AR L ﬁ
| ’ |
w h. Lt ‘v_w b :_w_ t {
P Il 3t y -
| | : | >
- ; ¥ i * 1 a T
m | . HE
@ . il f : on A
Zn 5 m pats NH | —
hm W um%; iy % % I | | N%
2 1A i L -
p § X k
.H. z *: W l.
z 0 i
S T j it L
g (2-+4i) SaWng 53308 dH 02 - Ol i i i !
2 < y3 p-X1-des-Geee ~\vd < AN .
E QUKL «v;xrxamr\mmwm.-:xe oV TR) T W %00 wiop ~ 9 ¢ -
_ S e yN0UmNARUNT TSV L.

wd8 gL~ 2d 27

' B ate e A antsaend




Revision 0

HNF-2238

I fEEL Ty PR L

- vy Bbade : HMZE. SdWNd JIzins dINNd BIISNVUL AUMATS
” Wl BYA | v wamaan ._Bﬁm.m_sm.‘a . 6°S . / ANVANOO QHOANYH
m dANd IDYLS S WIAZX E e » . “ISNOHONLLSIM
& i . . e m.SZ_S_ Hid SNOTIVH
N . os oz ¢ Q02 001 4 B or 0
05 0 A : :
o o T 141 -
s o 0% 0 &
m ﬁ 1 | ¥ DS ¥ rw mw
8 or - oz - L .
B Jithi i A st [
" f Halazmelodiaher
a 09 LV ' Tl H 0
o il ! * ! 001
mm R ﬂ % ﬁ mﬁ “J:u,v\,.ﬂ
o 9 05 - ; i e - 00z T
" IO IR / I i [
] g il ] I il @]
m Q o9 : il ,2 il 006 3
8 m i _ frransraliil i u
x B 0z i . i ; _‘% SEAN Y - ooy ]
& i RIIEHEH Y ] albli TN
= = ! . Lt [Hefogtionavil ki B
& A 08~} it f Hi it 009
k) itk Al A
T “ i A ﬁ i & Ll
8§ Z 0o 06 , : 009
] . |
0 2 . i ikl
. Z 02 HWiths ' iitiise Wl
- o il [ . Al G- Y
oo _ i R e |
w W g yveypeam 000 wo owa sy . 23y .G —

- — ) RO IV oT=gy




HINF-2238

Revision 0

Qo2

71

FAN 303 373 0t

T 01/19/98 09:19

om -anmH'.v “uva ” u.—M.lmW‘.Jcl: "HMG

¥iz-10d wiod
555 =0, ON "omae

. TGgHEe- O3

onata ) Suded

TEmeolE g ON IS fenoL] >@§

’ TTLObLa6 HSHO! WHINA.
: T 9 5L wog QY.

i

= 4 'H'8
d'H'8

T S10Y1S 40 "ON . cony ! egog LWL .
o) ) AL : o S— S

ADNZ2IDI443

— v r .w--»-;—-n---wu-!‘ 4 ,
"ILANIW 434 SNOTIVO SN : #: il B

i u} : I Ma?_ it i €5

il

L e
T
L . -
; e 1k
i i i ;
i i i -
N R ™
e
(2-#) SIWnd ce3doud dHOZ -0l ] ]

va p-X1-de8-Geee -9 . JWW«&J nfs‘j.eruw + 000f
AuHL b-Xl-dgl-G2e2-ilpd 9VL K ) .
T th_D:xszZ.n TIIVOC. L.

SmﬂOmJ ~ \V&N/y :ml.\ R
oy v om0y 7

1 . e rme A mtsacenl




Revision 0

HNE-2238

M “ON JAUND g WIAL mozmumm_mm_: NS VIUVIAA ¢, S5dANANdE3L NS . dWNG WAISNYYL AHHNTS
” WdH BVA | vaummaen _ I Vi, «J6’S - /\ ANVANOO QUHO-INVH
m dANd 3DVYLS S WIALXE oo, _ i ) -3SNOHONILSIM
* , _ . " JLONIN H3d SNOTIVD .
N oo ose ove - * 002 o9t | oz - o8- oy - 0
R ] | =
&2
o 02 - .0t tad
. : ity e
u d 1 he o7
3 ov -| 02 [ L %
M 09 ~ 0F - H T (1]} 0 mﬂu»%w&u
ov - 001 Eod
m | bib e e e LT =]
ol A
@ o 08 il - 00z T
U :N.ﬂ i It T i va
; 2 09 S wtlin S 008 T Q
3 = J o1 B fm ity o A
O o X #, . L%, (I
% o 0L T el - oov 4
g _M | | Al TR o R
- avip il )
Z . g Ad:0g ﬂ; i 005
a . U LTI I
- x N (i U t_z A (1S ¢ 0):
& Z Ol- 06 i - 009
=g ) - |
" H |
Sz o it
C - n . it i
S m : 3 g ’ _ : |
o 9o =i : : el . _
@ Mg AMRYen\wWpg 000.\1 St . S~ 2d W e
&929.S | _ » . S 9 O ~ody g
B _ FOT-S¥ B 2o1-d¥7 i T _ _ -




yiz-1a4 w04

Revision 0

HNF-2238 .

¥ BE ST Ve M e —GTTEESOg O M
TS a10-00 ON 1VIaEs dWnd — TR OLaG T Wil
—_— O sovis ms.ﬁ_ o >m>>OE>m|}..DD®® : 9,56 %08 0.

] 10 ‘ON . " :
. . . L0 Ly .
O & 241l g : oy " e0rg LIl .
e ' Yeseenery :..W:::.:.: . A w
IthNIw ¥3d SNOTIVO B'n 3 &
HiY i i umiel: h
H f - |
it !
mﬂ 7
= i i .
R i .ﬁ f | |l B
1 o
i &
>
} TH 1S .
mil

- H > o)

- m ¥ 1< L o]

= m Al |

5 A it it Zi

g p i -

" 4 «“ m

- z m

z N H m
< i i Hiion! 1 :

£l i |

g (z-2#) SOWMd 55300ud  dH Oz -0l i

g VA y-X1-dOB-G282 ~WHD - {mo peroataV by 000

res NUHL  b-Xl-deL-G222~1iyD I9VL o r 2,

: ToAnON TIWNOUYNATINT TIEMOC. L. -de g~ &@.B :A.w\
£

N ! . ate e & \Stnna)w o 25 ~ \vorﬂw ,....W\‘




Revision 0

HNF-2238

. AL . SdNNd\JIZINS dWNd UIISNVHL AHUATS
. Lva Uz Y31 via T WB's . ANYINOD QUO-INYH
m dAN 3DYLIS G WIALX E WS ; “ISNOHONLLSIM
S . . . " JLONIW H3d SNOTIVO
N oeg ozt 002 oor I oz - og o o0
b . o .
oo 0B 0
@
0w I B . 1 k
A RSO i
a ov ~| 02 i “.Tm
w 1318
R | . I i T O ..:o.”
M O@l om . B0, gt . O
ov i ! - 003
R 8 0s Uil - 002
1ee m Lol L3317 m
O b et 4] pis
i Q 0 dl =3
_m. = .LL._/ i )y | i - 00¢ Nn.n%
8 3 ARG \= | - 3R
% B oz -k Al Sl il
a m i | ) A I | ) - 00v
- N * 1 i g 7 .. 21| | nr-rumﬂH”L:L
& - "og _ ,_f@l_m il s
.m. . il | i e il _w i i .,”m
& Zo0l~ 05 : i HEHITE
A S
- I s
" Z 02 fisscn m
- pu g H : Lt Ly i
poBgd M A
u MY IRy ONMNEy 1 Q00

HAR-
. N
[
h KN
©
~
tjw

: - For-IvF .ﬂo.Tn_W




HNF-2238

Revision 0

Go2

1

7

FAN 393 373 01

01/19/98 09:19

yiz-igd wiod

“Sg I W ..m..nw.i‘.% N o . Tgegvee oo e
=555T55-00 ON wiias dwnd| n— © [T hopap tasver vririd
cervee OULT ‘wddlos . >®.,>OE \A_vammmn_ : . 9156 08 °'0d.
7 $39V15 40 'ON : g . - oy ! evorg 1L
s ALY
L e " S SR 1 rveTereeTy,
* " ILHNW 434 SNOTIVO 'S . : i : E_ i # oy
i T &
o] |

: =
ADN3IDIAIY ===

aviH 1vL10!L

e
e

1334 NI

=

i il

|

ot T

(2-7i) Sdwnd §5300ud dH o2 -O1 | il iftrvtifT _ i it
. va p-Xl-ges-G2ee * 1y R R e HoNG
AWML b-xl-deL-Geze-uyd oL | -

~d% gyl ~ \uw& c.
© Lnen WNORENARINT TI3VC. L . T
. IO JT ~ \Q.v.—m :N

' . P S e e




HNF-2238

Revision 0

W wFo G ~ adv) L

- MAR

FOT-3¥ F Tor=ay

7.

K}

A [ < e SdWNA\Y3IZINS dNNd YIISNYHL AWHATS
. [ WA OYA | i | iS58, ©bEG , /t ANVANOO QHOANYH
m diNNd 3DVIS S WIAZX € o xnt \ i ~ISNOHONILSIM
E . : JLONIN H3d SNOTIVD

v . 083 ove c 002 o9 | oz 08
0 0 : . Fa— Soren
| =3
o 5 0% .0 m &3
o . l } Hi Bt}
85 v , T 2
§ ov -| oz i |i# = ] |
© ] 1 & K ﬂunvagm_a
W I =5,
H 09 - og | 1l 2
- R 1]l
ov ) &5
st
m o % hidreE ] (==
3 os ! \__\H fi T
2 i iz Hdliite o
..Nm - X 09 } ﬁ: _" - b %
g HipRaAnt !
S m 7 wh?w i m A

kS o oL i ; i H l
o i ! L4141, 1
- = Ll oIV
o . 08 1 Hi
X : V1T
& Zz ol 06 :

. 2]

2z 02 fin

- m R I

5oHge . Ll

.w é(g/.&s/e\:,» 9 4 ¥ T~ 204 <



Revision 0

HNF-2238

yiz-igd wiod

~l0w.uéﬂ.v “uva nmuwn-...vml.: "HMG N A. . X . : . . ) ~ .Ilmllwnwgloz Toma
- ——r e e - - TRy I
Coez-olea-0g ON Vi3S dwnd PO . . bobgt
OoL] Wdy L. \A E\AU QN@Q . T 9u5b w0 0.
T SA9VLS 40 CON . ) cong L cowg  LLLVILY
3dAL :
Lo 1089 1 t rreree Tirstisrefaetees
JNNIW §3d SNOTIVO 'S'f) . E H
Hi I M H K1
i M
” LI : f g x“ -
) | o
ot
A i >
| H xT
: 4 m
o | Ml ﬁ 5
: - il it i -
2 = i 1 _rhq. 3 z
© fa) n HA 4 ¢ -
S i 3
- z | ] i -
= D ! it i Y *
M ) i 1}
g |l i il
g (2-4#) SAWNd 55300uad  dHOZ - Ol ] T ]
= Z - {14 ; ¥ T
N | VA y-XL-d88-5222 - 1D “H29) RTINS 00 ) wAeca ~ 2y ¢
e ABHL  Y-Xi-dEL-G2Z2-11y) 3OVL - v "
TN WNOUWNATINT TV, | .

o gh < 2y 2

' L wte ans A mtsaen!

areT AVANARIE PADY

-~




Revision 0

HNF-2238

3,

. Sr.w>h . uozu_.uz .z.cw<w=<m\.m. mnmE:nh muNw—:m n=>_Dn_ CuLWZ<C._. AHHAT 1S
s_n_m dvA Avd uaviagn _ 5..%%%05 B £ . / ) ANVIWOD QHOANYR
dNNG ADVIS S WIA2XE - i - -ISNOHONILSIM

- BLONIN §3d SNOTIVD
It o 082 oe  © 00z " 09 ozt - o8- or 0

I

PACE

02 - o1

dHg -

A==
o

ov -l oz | HIT il

1D 5032265583

X‘f*.:.—.’ ot

09 oe PR

7
)

FENEA

RACTS

09

D-28

ST 4 L

0L

ANIOHId AONIIOSS3

08 i Hits

01 06

~87 13:2S FROM:SBPI! PDX CON

1333 NIHSASN
=)
&
t

PrRnneD 13 g00 L - (Z v e ~ 34 o -

. ) | /\555.&\5\5 wd% 7S ~ Uy
POT-S¥ B %o~y iy ST

.

HAR-.
. 1
i)
i

©
B N
“jw




HNF-2238

Revision 0

f@o2

FAN 305 373 071

. w .\.‘xw “sva ” .—M.MW J A% HMC

yiz-idd wiod
m..QWINiw\q\loz ‘oma

ﬂd&m-émw.mﬂ ON 1VI¥3S dWnd

—— T §19V1s 40 'ON

OvL7 WdY

01/19/88 08:18

R E——RA

0L 9 1dAL

ronmia w3 St

>m>>om %ogmmn_

. " bobLYb Teswpn WHIA

ony T ogovg LYY

9456 %08 0.

g.?

P i G

“ILNNIW 334 SNOTIVO S

“_‘::

3.

ey

I =

j

|4
8! {173 *,

(2-2H) SdWng SSBO0Ed dHIZ -~ Ol

va p-X1-de8-a2ee ~1v?

UL  Y-XxL-delL-G2e2-1pD 29k

C L WNOURNATINT TIEVDI00Y. |

’

A ante

~nl

I

8 s

1334 NI av3H 1viod

H

i

I

Kool y.;bm}d\/,.iw\.u T CA0L

é.wﬁv Sy~ &w& ¢

0% oG A Y BT



HNF-2238

Revision 0

PACE

3,

1Se32265s883

1D

=97 13:85 FROM;SBPI PDX CONTRACTS

-28

" MAR

At A habuld LA A ]

oy 3} 000, |

FOT=IV FToT=gy

. AL SR Wuosvavegi SdNd\IIZINS dINNd YTISNVEL AUYATS
UUvd yIVEIH st via IS ] . / ANVINOD QUO=NYH
dANd 3DVIS S WIALX S W - \ - -ISNOHONILSAM
. o a _ ALONIN UEd SNOTIVE .
092 ove 00z T o2y op - oy 0
0 0 -
02 - .01
2 . . il
i) | i i
OV = ON h 14T 1
] % I o
oloraiaiies
09~ 0¢ -
ov -{Li S
m . L B0 ﬁ ikl et ir .
o 08 } Al TESR
W | i L | i
nNu J,IL [w)
Qoo il ) z m.
2 Al HH SR i mnoAa
o] : ) sBH T aCAL &
e
5 ddfioclioy vl 151
Z 01~ 06~ A
T
Z 02+ fiits
@
3



Revision 0

HNF-2238

¥12-1dd wicd

‘@02

.@m.u..ﬂ'l«« ‘niva " umnmw.ilx ‘NMQ . , ) ) : — : IlmNGQNNlOQ. Ot .u;.a
g olze-00 ON 1VIHIS dwnd . T hobab meeel iy
oz o) way] -+ . RemOd Apageed LB e op0u
g7 §15VI$ 40 'ON . . . g 1 vong LIS

SOL_ 9 adat] . B . /

s : TR
AUNNIW 434 SNOTIVO 'S ) f .A
- !

‘8

d'H
N
=

P E————Bh
aviH 1vi0l

o 3 :

2 i | A 3
3 il i z
.m. m & I ; iy
P Z \ i m
z s} | -t
- < i A ! it filhtis | .
= il i | | |

m - (: 2o /) maiaa 55300ud  dH o2 - Ot T I

< V3 p-X1~deB8-5222 ~11p9. VR T )

W 4 k4 . ¥ fJuSw . OOO@ />>&@ TW . \wﬂMNu ,,@

NBHL  b~Xl-d6L-G282-11yD TOVL
ToAanOn WROLYNATINT TRV,

(Y

] . J ™ SN ..«J).\ . .. ’ ’ /\Smﬁ Oum —~ \Wh.vz\v :tmw




HNF-2238

Revision0 =

it St P

~ ; WINL ...uz::.wuu_u - HIOS VIUY 943 m&z:& NmmNc—:m &_23& EN&WZ<E.—. >EEDx_m
" WIHBYA | yivsvmam | _intignwe | p6g _ /1 ANVIWOO QUOANVH
8- _dNNd IDVLS S WIALXE | o 7 -3SNOHONILSAM
e o . - LONIN H3d SNOTIVD
N e oz ooz 091, oz - 0b° o 0
o o ey .
o 02 - .01 W&r”
s 2. : i i &>
w i3 et 1T (-
8% o oz _ i Bed
B . T fiilh o=t
e N HEH iy =
< 09+ og : i { bw.,m -
| o i =
Oy -] T il r ‘_m, =5
2 il =
. O 08 i [ 1 T Bt
b a o (i diff ==
g z ‘ S
& < 09 h I
8 L Hlimie A
: w 00 ] || 061
. : ! [l
- E ‘ fx i 4
g Z o4 06
W . % R .
m = 02 -~ 1 jist
. om i il !
e 9 g ] {1 :
F VW2 PRpAmb3 i Q00 W o7y~ o9 .G
m..mmms _ : woVap s

; RT3V F

3

ToT=dy




HNF-2238

Revision 0

- . . §lz-104 w10l
@ -@Wuﬁ.ﬂl\v ‘ava < umww..w.mllr- HMQ 'Ilml‘..@§|8. ON "DMa
T Cgcz-olee-oa ON 1VINIS dWnd e T hoLAL HSROL UL

T Sy >m>>om%8mma O ot
T $310VIS 40 "ON v ) :u».,\\ Cecovg 1LY
OLr 9 AdAL . .
ton t iy ey
ALNNIW mmm ENOTIVO
i E Hinne i
L
w
- M
A R HiH X g \ m
!
| I 1 o
>
~
X
‘ .
=k i ﬁ o
z o 1 HaH) il |
“ hhid \ i O m
= n 1 T R Il e 1
o ) | -
3 ..4. 4 m
- z m
z s} -
< it bty .
g | f |
w Nm.k\.\\maiau £5300ud  dHo2 - Ol T 4
z V3 y-X1-d88-5222 =149 .
°. NBHL  b-XL-dEL-G222- KD 1OV ﬁ@ﬁyﬁ?&f 1hoadh, v wdR 3~ 2ddc
Y Au WNOLENATINT TV, | E ) W

' . . < . mal

o ¥~ 2dd 2




Revision 0

HNF-2238

o rvyrerer SRR A : PR SdiNG\JI2INS dNNG WAISNVEL AUUNTS
- WA BYA | yvavavian . :S.wm%amso T Wb8'g N / >z<n_z<v<oo QHOANYH
m dANd 3OYLS S WIALXE e - “3SNOHONILSAM
o - HLONIN Y3d SNOTIVD
N 082 o)z ¢ 002 09} ozk |© o o 0
o il =
: B
o 02 - .01 =
o % . | | (=R
A ! il bl T | |
& ) i B )
2 ! . e
w DOz 1k D i oz
3 09 - . 0g i | i o
oy it ] s
m | D ottt ot ket e L e T i) i @2
o . ¥ | g iy Tibs ; L5d
3z HGnilpie il i =
O 0s 4 ' ; T
@ i Rl LY dit% i m
9 z . R w\ fi &
2 o g bl ey ° 3
m % | ._, il m...r,. § | * 1:. ! vﬁw [}
s B oL it i ,muw”/_.,.ﬂ [t oov T
& oo I il i R
£ ™ o8 i Al Ty et - 00§
» : i ] i ] ] 1 TRy
A Lo 1 ..vh ,r? it w«.
& Z 0l 06 1 i Ly _ 000
. 2] N : auipnil s S
e = 0z i : R T
[ =z I i i T ]
. m o ! \ _ el AN s |
s B i A
| ] . . ME2) vy )-aodior RN WO ol v el Y G
. |5"9z0z8 | .. y Wi A ~wbb 7 ~ PO L
Y R T hOT =¥ B Lol =gy e T - m




HNF-2238

Revision 0

@02

}

7

01

AN 508 37

.@W.-&\-.Uv ‘nva " um.lmtd..rm!hu ..zin

yiz-idd wi0d
—ggEE-oa N

o
-
=3
R
3
o
~
o
-
~
-t
o .

.

 hemOR &

m.b..mmmn_

T bobAb

SO} WL
| 9u56 wop e
cony L cgowg LYY

et niTanee

aL

NNIW ¥3d .mZOd<@ 'S

——1K

.}.1.31‘11M

o

E—ur

><tr

ENL
P

ﬂ&NN-G.HNM\mm *ON - 1VIY3S dWRd
oILT wdy
7 $39V1S 40 'ON
IdAL
0L 9 A
IS
Al
- 4
o
7
“ +
il #

v ate

(2-4#) SOWAd S5300Ed dH 02 ~ Ol
V3 p-X1-d88-G22e ~ 11D
AUHL b-Xl-dEL-~G222-11pD T9VL

T sanen TWNOUENATINT TIEMOOC. S

tmr b sl

|

1
(o)

-

£ 3
3

K .Ho

m

>

r # >

Il Z|

ﬁ z

m

m

-

D-35

Tapizs 900l

W% 2q ~ 203G

gﬂm 18 ~ \mmf& =d

RPE

)



HNF-2238

£0-

A

" /

50

Revision 0

D-36

Flow Rate (Gallons per Minute)
/

b4 T T T T T
1000 3000 5000 - 7000 9000

Equivalent Length (feet) . .

>< Sulzer Pump 2* Pipe —l— Sulzer Pump 3* Pipe - Floway Pump 2" Pipe “£3+ Floway Pump 3" Pipe
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$MODEL . AT S

GENTANKW : S

LAB Aw—_lol'sw B ‘['»/»4":1 4
GEOCHEM : 75 e bt .
SPECIAL .

$STREAM AW-101 )

SAMPLE AW-101 . . .

UNITS USER  CALORI GMOLE HOUR: CENTIG ATMOSP METER LITER MOLALI

TEMP . "36.000 ° . N :

PRES 1.0000 o A

H20 5550875402 . . .

ALOH3 .1576178+01 .

BIOH3 .180626E-02 - . 'H’LO e Ho. 716 k ARE

' CAOHZ © .444188E-01 - /

CROH3 .4311408-02 . 57.23 g 61
CSOK . .613922E-04 . Lot
FEITION3 .196278E+00 - : . a

H2C03 . 610405E+00 74.74 Loty
H2CRO4 .231633E-02 — T.
H45104 .143158E-01 . g {. 7 S (e
H6E6 . .119977E~01 :

HCL .246648E+00 :

HGOH2 .328700E-04 . A

HNOZ2 .337513E+01 :

ENO3 .534342E+01

LAOH3 .237333E-04 ) .

MNOH2 .256533E-01 ! ’ \ A
NA6S042C03 .186174E-01 . 5\;«/\’9_ Opprx Vbl
NAFPO4 . 124097E+00 . :

NACH : .156537E+02 ’

NIOH2 : 269153801

PBOH2 - . .202066E-02

PUIVOH4 .224284E-04 -

ycLe : .1666498-02

ZROH4 -+ .522224E~02

K20 . 811563E+00 :

SCALE NA4SIO4PPT . .137039E419 ) .

SCALE NA3PO4, 6H20, .122021E406 343.150 394.150 EXCL TR

SCALE PUIVOH4PPT +100002E+01 .

SCALE FEOOHPPT .100000E+01 .

' SCALE NIOH2PPT " .100000E+01 . : .

- SCALE BI203PPT . .100000E+0% ° .

SCALE KALSIO4PPT | .100000E40% .

SCALE NAFPO4.19H20 .10000054+01 288.150 348.150 :

SCALE KNO3PPT .100000E+01 273.150 383.150 .

SCALE LAOH3PPT °* . 1000005401 :

SCALE CASOHPO43PPT .999999E+00

SCALE NA2U207PPT . 999996E+00

SCALE PBOH2PPT .999996E+00 273,150 333,150

SCALE ZRO2PPT ..+ 999985SE+00

SCALE NA2CO3.1H20 .936826E+00 308.520 382.150

SCALE NANO3PPT .923637E+00 273.150 453,150

SCALE NAFPET ©659095E400° 273,150 373.150 : )
SCALE ALOOHPPT .630184E+00 373.250 523.150 EXCL TR !
SCALE NA3POA. 8H20 .491001E+00 313.160 343,150 EXCL TR

SCALE LAPO4.2H20 . 427236E400
- SCALE NRA2CO3PPT © .371623E400 382.150. 473.150 EXCL TR

SCALE ALOH3PPT ..366789E+00 273,150 373.150

SCALE NANO2PPT ©.352236E+00 273,150 401.150 °

SCALE NA6SO42C03PPT .3114258+00 - 303,150 423.150

SCALE NA2SO4PPT -257197E+00 305,550 514.150

SCALE CROHZPPT .234871E+00

SCALE MNOH2PPT . .2103505+00 .

SCALE NAPHOH.12H20 .166815E+00 273.150 313.150

SCALE NACLPPT .1573045400 273.150 623.150

SCALE KNO2PET .152800E+00 273.150 393.150

SCALE CROH3PPT .111181E+00 :
SCALE NA2C03.7H20 .540235E~01 305.150 308,520 EXCL TR : 3
SCALE NIOPPT +502681E-01 .
SCALE NRALO2.3H20 .483655E-01 : -

SCALE HGOPPT .381181E-01

S ... . D38
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.356196E-01 s P
.339694E-01 273.150 473.150
.157802E-01 273,150 305,150 EXCL TR
.1155403-,01 .

: ' SCALE NAALSIO4PPT
SCALE KCLPPT

SCALE NA2CO3. 101-120
SCALE NA2VO4PET

END R
$SAMPLE ‘AW-101

DESC 2-Sep-97 Single RecElec NoRecpH

UNITS USER  CALORI GMOLE- HOUR ~ CENTIG ATMOSP METER LITER
TEMP 36.000 . A
_ PRES 1.0000 :
AMT 1.0 .
DENS 1490.0 1433.8
PH 0.0 15.273 .

RECELEC Make Up Ion

D-39

Method using ~.5759 mg/l of OHION

EQUIL LAB BALANCE OHION OHION
CONCENTRATION mg/l. )

AL+3 25800. 25800,

BI+3 229,00 229.00

CcA+2 1080.0 1080.0

CRIII+3 136,00 136.00

cs+l 4.9500 4.9500

FEIII+3 6650, 0 6650.0

HG+2 4.0000 4,0000

K+1 38500, 38500. .
LA+3 2.0000 2.0000

MN+2 855,00 855.00

NA+1 2.3200E+05 2.3200E405

NI+2 958.00 958,00

PB+2 254.00 254.00 R

PUIV+HY 3.3200 3.3200 i
Uo2+2 273.00 273.00

ZR+4 : 289.00 285,00

OH-1 1.2947E405 1.2947E+05

. CL-1. 5520.0 5520.0

co3-2 22900. 22900: .
CRO4~2 163.00 163.00

-1 . 2260.0 1 2260.0 . i
. H3SX04~1 826.00 826.00 * i
NO2-1 . 94200, 94200, :
NO3-1 2.0100E+05 2. 01ooz+05

" po4-3 14300, 14300.

504-2 2170.6 2170.0

SOL SCALING

NA4SIO4PPT .137039E+19

NA3PO4, 6H20 .122021E+06 343.150 394.150 EXCL TR
PUIVOH4PPT .100002E+01

FEOOHPPT .100000E+01

NIOH2PPT .100000E+01

BI203PPT .100000E+01

KALSIO4PPT .100000E+01

NAFPO4 . 19H20 .100000E+01 288.150 348.150

KNO3PPT .100000E+01 273.150 383,150

LAOH3PPT © .100000E+01.

CASQHPO43PPT .939959E+00

NA2U207BPT .999996E+00. i
PBOH2PPT .959996E+00 273.150 333.150

ZRO2PPT .999985E400

NA2CO3.1H20 .936826E+00 308.520 382.150

NANO3PPT .923637E+00 273.150 453.150

NAFPPT .659095E+00 273.150 373.150

ALOOHPPT . 630184E+00 372,250 523.150 EXCL TR
NA3PO4. 8H20 .491001E+00 313,160 343.150 EXCL TR
LAPO4.2H20 .427236E+00

NA2CO3PPT .371623E+00 382.150 473.150 EXCL TR
ALOH3PPT .366789E+00 273.150 373.150 .

NANOZPPT .352236E+00 273.150 401.150

NA6S0O42CO3PPT .311425E+00 303.150 423,150

NA2SO4PPT. .257197E+00 305.550 514.150

CROH2PPT .234871E400

MNOH2PPT .210350E+00

NAPHOH. 12H20 L166815EX00 273.150 313.150



NACLEPT
" KNO2PPT
CROH3PPT
NA2CO3, TH20
NIOPPT -
NARLO2.3H20
HGOPPT
NAALSIO4PPT
KCLPPT ;
NA2CO03.10H20
NA2UO4PRT
END

" .157304E+00

+152800E+00
+1113181E+00
+540235E~01
.502681E-01
+483655E~01
+3511831E~-01
+356196E-01
«339694E~01
+157802E-02

© +136540E-01

HNF-2238

Revision 0

273,150
273,150

305.150

2?3.150
273.150

623.150
393,150

308.520 EXCL TR

473.150 .
305,150 EXCL TR

D-40
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SURVEY-VA{RIAB_LBS 3-0ct-97 PAGE
H20IN ) DENSITY VOLLIQ NAFPO4 . 19H2OMNOH2PPT
kg . kxg/L L/hr g g
40.72 1.418 68.06 [,2.4 2.310 .0000E+00
57.73 1.344 84.62 2.117 +.1497E~01
74.74 2.291 101.6 (44 1.593 . .6187E~01
9%.75 1..253 118.9 l-‘?-s’ .8127 »7710E~-01
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ESP V-5.4 : STREAM:AW-101 . 3-0ct-97 PAGE 1
. STREAM: AW-101
POINT ¢ 1 ) .
Phases~———~== Solid. Vapor organic
Temperature, C 45,000 45.000 45,000 45.000
Pressure, atm . 1.0000 1.0000 1.0000 . 1.0000
pH ° : 14,965 . 2
Total mol/hx 3984.3 13.591 - 0.0 0.0 -
kg/hx kg/hr Xg/hx kg/hr
. H20 46.740 4 0.0 . 0.0 G.0
ALOH3 1.0116E-08 0.0 0.0 . 0.0
BIOH3 5.31758-07 0.0 - 0.0 0.0
CASO4 . 6.2444E-12 0.0 0.0 0.0
coz 5.0653E-17 0.0 0.0 0.0
CsCL - 9.5039E-06 0.0 0.0 0.0
CSNO3 1.0914E-04 0.0 0.0 0.0
FEIIIOH3 3.3155E-12 0.0 0.0 0.0
H3PO4 5.4868E-28 0.0 0.0 0.0
HGCL2 . 7.57378-17 0.0 0.0 0.0
HGOR2 5.9210E-06 0.0 0.0 0.0
HNO2 . 4.6374E-13, 0.0 - 0.0, 0.0
KCL -1.5841E~-03 0.0 0.0 0.0 .
LAF3 . 2,3651E-28 0.0 0.0 0.0
LAOR3 . 5.6414E~-13 0.0 0.0 .. 0.0 M
- MNNO32 1.8800E~15 0.0 0.0 0.0
MNOH2 - 1.5323E-08 0.0 0.0 .0
NAF 2.9393E-02. 0.0 0.0- . 0.0
NAHCO3 . © 3.9673E-07 . 0.0 0.0 -0.0
NANO3 . . .13858 0.0 0.0 0.0
NIOH2 . 7 2.7905E-09 .20094 0.0 ‘0.0
PBNO22 1.3004E+16 0.0~ 0.0 0.0
PBO . 5.62978-09 0.0 0.0 0.0
PUIVOH4 * =~ -« 1.0653E-09 2.8494E-04 0.0 0.0 -
sTo2 . 1.0561E~12 0.0 ° 0.0 0.0
ZROH4 4.5314E-13 0.0 0.0 “ 0.0
ORION : .3.7738. 0.0 . 0.0 0.0
ALOH2ION - 6.62658E-1% 0.0 0.6 T 0.0
' ALOH4ION 6.0421 0.0 0.0 0.0
ALOHION .9.6400E~-30 ‘0.0 0.0 ° 0.0
BIOH4ION 5.8108E~03 0.0 0.0 0.0 °
CAFION 1.4056E-11 0.0 0.0 0.0’
CAHCO3ION 6.7663E-17 0.0 0.0° 0.0
CRION 1.6289E-08 0.0 6.0 0.0
CROHION = . 5.9904E-07 0.0 0.0 0.0
CAPO4ION 1.8154E-05 0.0 0.0 0.0
CLION .36971 0.0 0.0 0.0,
CO3ION 1.0625 0.0 0.0 0.0
CR207ION 1.8635E-21 0.0 0.0 0.0
CRO41ION 1.0939E-02 0.0 0.0 0.0
CROH4ION 2.1070E-02 0.0 0.0 0.0
CSION . 2.5002E-04 0.0 0.0 6.0
CSSO410N 4.4884E-07 0.0 ‘0.0 0.0
FEIIIOH2ION 2.2086E-21 0.0 0.0 0.0
FEIITOH4ION 5.6430E-05 0.0 0.0 0.0
FEIIIOHION ° 2.1492E-32 0.0 0.0 0.0
FION . - 1.5004E-02 0.0 0.0 0.0
H2PO4ION 1.6723E~13 0.0 0.0 0.0
H3SI04ION 3.8707E-06 0.0 0.0 0.0
HCO3ION 9.4094E-07 0.0 0.0 0.0
-HCRO4ION 1.2969E~12 0.0 0.0 0.0
HGCL3ION 7.5187E-15 0.0 0.0 0.0
HGCL4ION 2.7273E-13 0.0 0.0 0.0
HGCLION 9.6762E-22 0.0 0.0 . 0.0
HGFION 5.0694E-29 0.0 0.0 0.0
HGION 3.4690E-28 0.0 0.0 0.0-
HGOH3ION 3.3039E~04 0.0 0.0 0.0
HGOHION 6.6107E-17 0.0 0.0 0.0
HION 2.2344E-17 0.0 0.0 0.0

S
&



HP20TION-
HPBO2ION
HPO4ION
HSO4ION
KION
KSO4ION -
LACO3ION
LAF2ION
LAF4ION
LAFION
LAION
LANO3ION
LAOH2ION
LAOHAION
LAGHION
MNCLION
MNION
MNNO3ZON
MNOH3ION
MNOH4ION
MNOHION
NA2FION
NACO3TON
NAION
NASO4ION
NIZON
NIOH3ION
NIOHION
NO2ION
NO3ION
P207ION
PBION .
PBNO23TON
PBNO2ION
PBOHION.
PO4ION
PUIVOH3ION
SO4ION -
U02C032I0N
U02CO33I0N
ZROH3TON
ZROHSION
BI203
CASOHPO43
FEOOH -
KRLSIO4

- LAPO4. 2H20
NA2U207
PBOH2

2RO2 .
NAFPO4.19H20

Total kg/hr
volume, L/hr
Enthalpy, cal/hr
Density, kg/L
vapor fraction
solid fraction
‘organic fraction
Osmotic Pres, atm
Redox Pot, volts
E~Con, 1/ohm-cm
E-Con, cm2/ohm-mol
Ionic Strength

1.0786E-20

" 4.8218E-04

2.4717E-04
3.11878-17
2.5581

7.4324E-03
1,6877E-25
3.2754E-27

© 1.5884E-27

7.6862E-28
1.148%7E-28
9,8310E-31
7.4631E~18
4.6157e~09
2.0081E~-24
2.1998E-15
1,1299E-13

-2,4623E-15

1.6674E-04
.12824
6.6469E-11
21121
. 65615
14.661
7.7574E-03
1.2518E-17
7.5122E-04

. 2.5525B~-14

6,3220
13.389

.8.5167E~13

1.2191B-17
4.0440E-14
1.4068E~17
3.7626E-14
.24027

3.5966E-19

.13408

1.1641B-19
1.6055E~12
1.1768E-22

. 5.7781E-03"

o000 COO0O
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T 1.2247E-02

.18168 .
.71005 %
9.2184E-02
2.6081E-04
2.1510E~02
' 1.9362E-02

2 £6E-02
2.3099

oooooooooooooooooo-oooooooooooo_cooooooo'oooooooooooo'o
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0000000000000 OOOOO0

0000000000000 00000000

0000000000000 O0
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96.534
68.057
~2.7260E+08
1.4184

0.0

3.4706
.28070
~9.E946E+06
11.93%

0.0

1.0000°

0.0
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HNF-2238
Revision 0

ESP V-5.4 ° ) STREAM:AW-101 . . 3-0ct-97 PAGE 2
STREAM: AW-101 .
POINT 0 .
Phases~-==w———r==> Agueous Solid’ Vapor . Organic
Temperature, € 45,000 45.000 45,000 45,000
Pressure, atm 1.0000 1.0000 1.0000 1.0000
PR : R 14,542 s
Total mol/hr . 4938.2 13.495 .. 0.0 0.0
g kg/hr kg/hx ka/hr kg/hx

- H20 63,843 . 0.0 N 0.0" 0.0
ALOH3 4.2144E-09 0.0 0.0 0.0
BIOH3 1.7787E-06 . 0.0 - 0.0 0.0
CASO4 2.5355E~11 - 0.0. 0.0 N 0.0
coz 7.6558E~16 -0.0 0.0 0.0
CSCL T 7.1278E~06 0.0 0.0 0.0
‘CSNO3 1.1721E-04" 0.0 0.0 0.0
FEIIIOH3 1.0023E~11 0.0 - 0.0 0.0
K3P04 1,.6141E~26 0.0 0.0 0.0 .
HGCL2 3.9301E-16 0.0 ¢.0 0.0
HGOH2 2.2609E~05 0.0 0.0 0.0 .,
HNO2 2.1372E=12 0.0 0.0 0.0
KCL 1.3906E-03 0.0 0.0 0.0

. 1aF3 . 1.31153E-27 0.0 0.0 0.0
LROH3 : 1.4316E~-13 0.0 0.0 0.0 .
MNNO32 . 4.2083e~14 - 0.0 0.0 . 0.0
MNOR2 . 1.2313E-07 1.4969E-02 0.0 0.0
NAF . 5,6600E-02 0.0 0.0 0.0
NAHCO3 1,.3322E-06 0.0 0.0 0.0
NANO3 Y .16818 . g.0 0.0 0.0
NIOH2 6,8909E~09. .10118 0.0 0.0
PBNO22 . 7:4627E~16 0.0 <’ . 0.0 “0.0 .
PBO’ . . 1.31355E-08 0.0 . 0.0 0.0

" PUIVOH4 . 2.,6307E-09° 2.8494E-04 . 0.0 0.0

83102 ) 7.5974E-12- 0.0 0.0 ‘0.0
ZROH4 - N 1.6771E-12 0.0 0.0 . 0.0,

, “OHION 3.7787 . 0.0 0.0, 0.0

© ALOH2ION - 4.1807E~18 . 0.0 ‘0.0 0.0
ALOH4ION . +6.0421 0.0 0.0 0,0
ALOHION T 3.4270E-28 0.0 0.0 0.0
BIOH4ION ) 4,.8146E-03 0.0 - 0.0 0.0
CAFION 3.8921E-11 0.0 0.0 0.0
CAHCO3ION i 3.2875E-16 0,0 0.0 0.0
CARION - 4.0821E-08 0.0 0.0 0.0
CROHION 7.5841E~07 0.0 0.0 0.0
CAPO4ION 2.3467E-05 0.0 0.0 0.0
CLION .36981 0.0 0.0 0.0
CO3ION 1.0801 0.0 0.0 - 0.0
CR207ION ) 6.8651E-21 0.0 0.0 0.0
CRIIIION 2.52468-32 0.0 0.0 0.0
CRO4ION 1.08392-02 0.0 0.0 - 0.0
CROH4ION . 2.1070E-02 0.0 0.0 0.0
CSION 2.4645E~-04 0.0 0.0 0.0
CS5S041I0N 3.6134E-07 0.0 0.0 0.0
FEIIIOH2ION 9.7897E-21 0.0 0.0 0.0
FEIIIOH4ION 4.2257E-05 0.0 0.0 0.0
FEIIXIORION 4.6930E-31 0.0 0.0 0.0
.FION 2.89878-02 0.0 0.0 0.0
H2PO4ION £.5623E~-13 0.0 0.0 0.0
H3SIO4ION 8.4440E-08 0.0 0.0 N 0.0
HCO3ION 2.8406E~06 0.0 0.0 0.0
HCRO4ION 4.3248E-12 0.0 0.0 0.0
HGCL3ION 1.12668-14 0.0 0.0 0.0
HGCL4ION 2+ 0037E-13 0.0 0.0 0.0
HGCLION 5.6382E-21 0.0 0.0 0.0
HGFION 6.6684E~-28 0.0 0.0 0.0
HGION 5.5676E-27 0.0 0.0 0.0
HGOH3ION 3.12498-04 0.0 0.0 0.0
HGOHION 3.2010E-16 0.0 0.0 0.0

D46



HION
HP207I0N
HPBOZ2ION
HPO4ION
HSO4ION
KION
KSO4ION
LACO3ION
LAF2ION
LAF4ION
LAFION
LAION
LANO3ION
LAOH2ION
LAOCH4ION
LAOHION
MNCLION
MNION
MNNOBION
MNOH3ION
MNOH4ION
MNOHION
NA2FION
NACO3ION
NATON
NASO4ION
NIION
NIOH3ION
NIOHION
NO2ION
NO3ION
_P207ION
PBION
PBNO23ION
PENO2ION
PBOHION
PO4TON .
PUIVOH3ION
SO4ION
UYO2C0O3210N
U02C0O33I0N

© ZROH3ION

ZROH5ION
BI203
CASOHPO43
FEOOH
KALSIOH .
LAPO4. 2H20
NA2U207
PBOH2

ZRO2
NAFPO4 . 19H20

Total kg/hr
Volume, L/hr
Enthalpy, cal/hr
Density, kg/L
Vapor fraction
Solid fraction
organic fraction
Osmotic Pres, atm
Redox Pot, volts
E~Con, 1/ohm~cm
E-Con, cm2/ohm~mol
Ionic Strength

coooo0b00O
cooo000D0OO

1.1626E-16

2.5774E-19
3.3393E-04
4,0402E-04
1.6922E-16
2.5582

7.2470E-03

2.1032E-25

7.5843E-27
4 +9145E-27
2.0831E~27
4.8298E-29
2.9362E-30
2.7745E~-18

© 2.9014E-10

3,7451E-24
2.6974E-14
1.6026E-12
4.8167E-14
3.3188E-04
.10736

7.8311E-10 .-
-.13892

.61791
14.743
8.3129E~03
6.0938E-17

. 4.5950E-04

9.24198-14 |
6.3220
13.367
3,1305E~11
1.7962E-17
8.7635E-14
7.4082E-17
1.4649E~-13
.29165
1:1601E~18
.13377
1.9612E-18

.1.4954E-11

6.3802E-22
5.2971E~-03

HNF-2238
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0000000000000 OO00QROQO0OO0O

1.3084E~02
.18167
.71008
9.2177E-02
2.6081E~04
2.1510E-02
1.9511E-02
2.2496E-02
2.1167
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000000000V OONDOOOO
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84.623 .
~3.37555408
1.3439

3.2839
.29543
-9.2774E+06
11.149

0.0

1.0000

0.0
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HNF-2238

Revision 0
STREAM:AW-101 3-0ct-87 'PAGE 3
STREAM: AW-101 )
POINT 3 . -
Phases~=~ > Aq solid Vapor organic
Temperature, .C. 45.000 . 45.000 45.000 45,000
pPressure, atm 1.0000 1.0000 1.0000 . 1.0000
pH ©14.263 . .
Total mol/hx 5905.2 13.292 ©0.0 0.0
kg/he kg/hz : kg/ht %g/hr
H20" 81,105 - 0.0, 0.0 : 0.0
ALOM3 . 1.0129E-08 0.0 0.0 0.0
BIOH3 . 3.7280E-06 0.0 0.0 6.0
casod 5.3198E-11 0.0 © 0.0 0.0
coz 4.4536E~15 0.0 0.0 0.0,
cscy : 5.6424E~06 0.0 0.0 0.0
csNO3 . . 1,1741E~-04 0.0 0.0 0.0
FEITIOH3 1,9878E~11 0.0 0.0 0.0
H3PO4 2.0271E-25 0.0 0.0 0.0
HGCL2 1.0595E~15 0.0 0.0 0.0 .
HGOH2 4.9961E~05 0.0 ° 0.0 - 0.0
HNO2 -5.5555E~12 0.0 0.0 0.0
KCL 1,2151E-03 , 0.0 6.0 0.0
LAF3 .2.0202E~27 0.0 0.0 0.0
LAOH3 R < 4.0145E-14 0.0 0.0 0.0 .
- MNNO32 - 1.4600E-13 . 0.0 . 0.0 0.0
MNOH2 - 2.1865E~07  6.1873E~02 0.0 * -0.0
NAE . . 7.97638-02 0.0 0.0 0.0
NAHCO3 2.8102E-06 0.0 0,0 . 0.0
NANO3 ° .. 17786 0.0 0.0 0.0
NIOH2 - i + 1.2236E-08 .10129 0.0. 0.0
PENO22 . 2.2766E-15 0.0 . 0.0 0.0
PBO *1.8054E-08 0.0 0.0 0.0
PUIVOR4 4.67158-09 2.84948-04° 0.0 | 0.0
sI02 - 2.79098~11 0.0 0.0 0.0
ZROH4 ’ .3.7148E~12 ~ 0.0 0.0 0.0
OHION . 3,7978 0.0 0.0 0.0
ALOH2ION . - 1.4183E-17 0.0 0.0 . 0.0
‘ALOH4TION 6.0421 . 0.0 0.0 T 0.0
ALOHION 3.5153E-27 0.0 0.0 0.0
BIOH4ION : 4.1379E-03 0.0 . 0.0 0.0
CAFION 6.2067E-11 - 0.0 0.0 0.0
CAHCO3ION 7.8780E-16 0.0 . 0.0 0.0
CAION 6.1891E-08 0.0 0.0 0.0
CAOHION + 7.3130E-07 0.0 0.0 0.0
CRPO4ION 3.2726E~05 . 0.0 0.0 0.0
CLION . .3698% 0.0 0.0 0.0
CO3ION ’ 1.2100 0.0 0.0 0.0
CR207IO0N 1.6449E-20 0.0 0.0 0.0
CRIIIION 6.9072E-31 0.0 0.0 0.0
CRO4ION 1.0935E-02 0.0 0.0 0.0
CROHAION 2.1070E-02 0.0 0.0 0.0
csIoN - 2.4750E~04- 0.0 0.0 0.0
CSSO4ION 3,3257E~07 0.0 0.0 0.0
FEIIIOH2ION - 2.6673E-20 6.0 0.0 0.0
FEIIIOH4ION 3.4365E-05 0.0 0.0 0.0
FEIIIOHION 3.5934E-30 0.0 0.0 0.0
FION 4.4144E-02 0.0 0.0 0.0
H2PO4ION 3.5255E-12 0.0 0.0 0.0
H3SIO4I0N 1.4208E-05 0.0 0.0 0.0
HCO3ION 6.02438-06 0.0 0.0 0.0
HCRO4ION 9.74238-12 0.0 0.0 0.0
HGCL3ION 1.3755E-14 0.0 0.0 0.0
HGCL4ION 1.4732E-13 0.0 0.0 0.0
 HGCLION 1.7664E~20 0.0 0.0 0.0
HGFION 3.5076E-27. 0.0 0.0 " 0.0
HGION 3.4046E-26 0.0 0.0 0.0
HGOH3ION 2.8316E-04 0.0 0.0 0.0
HGOHION 9.3566E-16 0.0 0.0 0.0
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HION
HP207ION .
HPBO2ION
HPOAION
‘HSO4ION
KION
KSO4ION
LACO3ION
LAF2ION
LAFATON.
LAFION
LATON
. LANO3ION
LACH2TON
LAOH4ION
LAOHION
MNCLION
MNION
MNNO3ION
MNOH3ION
MNOH4ION
MNOHION
NAZFION
NACO3ION
NAION
NASO4ION
NIZON
" NIOH3XON
NIOHION
NO2XON
NO3ION
P207ION -
PBION R
PENO23ION
PBNO2ION
PBOHION
PO4ION
PUIVOH3ION
SO4ION
U02C032I0N
UO2CO33ION

. UOZION

ZROH2ION
ZROH3ION
ZROHSION
BI203
CASOHPO43
FEOOH
KALSIO4
LAPO4.2H20
NAZU207
PBOHZ

ZRO2
NAFPO4.19H20

Total kg/hr
Volume, L/hr
Enthalpy, cal/hr
Pensity, kg/L
Vapor fraction
Solid fraction
organic fraction
Osmotic Pres, atm
Redox Pot, volts
E-Con, 1/chm~-cm
E-Con, cm2/ohm-mol
Ionic Strength

3.50938-16

3.7287E~18

2.6858E-04
7.92128-04
5.4372E-16
2.5582

© 7.5292E-03

1.8822E-25
9.4280E-27
6.7979E-27
2.9129E-27
8.9481E-28
4.3921E~30
1.0765E-18

+3.3361E-11

4.1470E-24
6.7908E-14
4.4121E-12
1,6463E-13
2.4166E-04
4.2623E-02
1.9103E-09
$.9050E-02
.59039

©14.882

9.0007E-03

© 1.8083E-16

3,3458E~04
2.25458-13
6.3220

13.360

9.8595E-11
2.8839E-17
1.4368E-13

. 2,3116E-16

3.7470E-13
.42106
2.6262E~18

.13302

2,3438E~17.

6.5455E-11

2.7528E~32
2.7200E~32
1,9518E~21
4,8112E~03

YRR -N-N-N-N-E-4
00000000

HNF-2238
Revision 0
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1.3651E~02
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.71007
9.21678-02
2.6081E~04
2.,1510E-02
1.95765-02
2.2836E-02
1:5926°
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voco000OOOO0OOOO0C
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131.21
101.63
~4.0347E+08
1.2510
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2,8178
.30992
~7.6126E+06
9.0819

0.0

1.0000

0.0
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HNF-2238
Revision 0

ESP V-5.4 © 'STREAM:AW-101 3-0ct-97 PAGE 4
STREAM: AW-101 -
POINT : 4 : L. ’
Phaseg=w—r~===—==~-=> RAqueous solid Vapor Organic
Temperature, C 45,000 © 45,000 45,000 ' 45,000
Pressure, atm 1,0000 - 1.0000 T -1.0000 1.0000
pH’ ' 14.061 R :
Total mol/hr 6881.7 12,372 0.0 0.0 -

: kg/hr: kg/hr: kg/he kg/hx
H20 98.490 . 6.0 . 0.0 0.0
ALOH3 1.8689E-08 0.0 0.0 0.0
BIOH3 .6.22078~-06 0.0 0.0 0.0
CASO4 8.3705E~11 0.0 0.0 0.0
co2 1.56888~-14 0.0 0.0 ¢.0
CsCL . 4.6735E~-06 0.0 0.0 0.0
CSNO3 © 1.1466E-04 0.0 0.0 0.0
FEIIYOH3 3.2049E-11 0.0 0.0 0.0
H3PO4 1.4456E-24 0.0 0.0 0.0
HGCLZ 2.0140E~15 - 0.0 0.0 0.0
HGOH2 : 8.2346E-05 0.0 0.0 0.0
HNO2 ) 1.0818E-11 0.0 6.0 6.0 .
KCL 1,0768E~03 0.0 0.0 ‘0.0
LAF3 © 2.8099E-27 0.0 0.0 0.0 .
LROH3 L 1.3661E~14 0.0 .0.0 0.0 °
MNNO32 .3.52368~-13 0.0 0.0 - 0.0
MNOH2 o 3.2811E-07 7.7096E-02 , 0.0 6.0
NAF *10131 . 0.0 0.0 - 0.0
NAHCO3 4.7095E-06 0.0 0.0 0.0
NANO3 + S17890 © 0.0 0.0 0.0
NIOH2 1.8418E-08 .10134 0.0 0.0
PBNO22 T 4.9981E-15 © 0.0 0.0 - 0.0
PBO . 2,5371E~-08 0.0 0.0 0.0
PUIVOH4 7.0315E-05 2,8493E-04, 0.0 0.0
5102 7.1723g-11 ¢.0 0.0 0.0 |
ZROH4 6.41538-12 0.0° 0.0 0.0
QOHION 3.8039 " 0.0 0.0 . 0.0
ALOH2ION . 3.4705E-17 0.0 0.0 0.0 .
ALOB4ION '6.0421 0.0 .0 0.0
ALOHION 1.8683E-26 = 0.0 0.0 0.0
BIOH4ION 3.6753E~03 0.0 0.0 0.0
CAFION §.22458-11 0.0 0.0 0.0
CAHCO3ION 1.3811E~-15 0.0 0.0 0.0
CAION 7.6938E-08. 0.0 0.0 0.0
CAOHION - . 6.5573E-07 0.0 0.0 0.0
CAPO4ION 4.4985E-05 0.0 0.0 * 0.0
CLION .36996° 0.0 0.0 0.0 .
CO3ION 1.1260- 0.0 0.0 0.0
CR207ION 3.1235E-20 0.0 0.0 0.0
CRIIIION 5.6572E-30 0.0 0.0 0.0
CRO4ION 1.0939E-02 0.0 0.0 0.0
CROK4ION 2.1070E-02 0.0 T 0.0 0.0
CSION - 2,5013E-04 0.0 0.0 0.0
CSSO4ION 3.2072E-07 0.0 0.0 0.0
FEIIIOH2ION .- 5.5723E-20 0.0 0.0 0.0
FEXIXIOH4ION 2.9492E-05 0.0 0.0 0.0
FEIXIIOKION 1.5640E-29 0.0 0.0 0.0
FION 6.1370E-02 0.0 0.0 0.0
H2PO4ION 1.1476E-11 0.0 0.0 0.0
H3SIO4ION 2.0815E-05 0.0 0.0 0.0
HCO3ION 1.0489E-05 0.0 0.0 0.0
HCRO4ION 1.7675E~-11 0.0 0.0 0.0
HGCL3ION 1.4948E-14 0.0 0.0 0.0
HGCL4ION 1.0892E-13 0.0 0.0 0.0
HGCLION 3.8808E-20 0.0 0.0 0.0
"HGFION 1.1437E-26 0.0 0.0 0.0
HGION 1.2148E-25 0.0 0.0 0.0
HGOHZION . 2.4842E-04 0.0 0.0 0.0
HGOHION 1.912%E-15  ,0.0. 0.0 0.0
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HION
HP207ION
HPBO2ION
HPO4ION
HSO4ION
XION
KSO4ION
LACO3ION
LAF2ION
LAF4ION
LAFION
LAION
LANO3ION
LAOH2ION
LAOH4ION
LAOHION
MNCLION
MNION
MNNO3ION
MNOH3ION
MNOH4ION
MNOHION
NA2FION -
NACO3ION
NAION’
NASO4ION
NIXON
NIOH3ION
NIOHION
NO2ION
NO3ION
P207ION f
PBION
PBNO23ION
PENO2ION
PBOHION
PO4ION
*PUIVOH3ION
. SO4ION :
UO2C032I0N
UO2CO33ION.
UO2ION
ZROH2ION-
ZROH3ION
ZROHSION
B1203
CASOHPO43
FEOOH
KALSIO4
LAPO4. 2H20
NA2U207
PBOH2
ZRO2
NAFPO4.19H20

Total kg/hr
Volume, L/hr
Enthalpy, cal/hr
Density, kg/L
Vapor fraction
Solid fraction
Organic fraction
Osmotic Pres, atm
Redox Pot, volts
E-Con, 1/ohm-cm
E-Con, cm2/ohm-mol
Ionic Strength

HNF-2238
Revision 0

7.8566E-16 -

3.2714E-17
2.3217E-04
1.4330E~03
1.2868E-15
2.5582

7.8914E-03
1.5612E-25
1.0148E~26
8.0474E-27
3.3390E-27
1.2172E-28
5.0871E-30
4.7972E-19
6.0430E-12
3.9042E~24
1.36256-13
9.4198E-12
4.0911E-13
1.9362E-04
2.1634E-02
3,7258E-09
7.7951E-02
.56822

15.067

$.6467E-03
4.0725E-16
2.6807E-04
4.3973E-13
6.3220

13.359

5.4173E-10
4.5171E-17
2.0279E-13

5.3769E-16

7.5552E~-13

. .63842
4.8552E~-18

.13224
5.55738~17

'1.8939E-10

2.3942E-31
1.2743E-31
4.4029E-21
4.,4227E-03

000000000000 OOOC000RO00000000000B00000N0ROOOOO0000COC00

0000000000000 0OONO00000000000VOOCOVOCONDOO00000000000VOOOD

NN N N IR R R R R

LR RN -R-N-F-E-R-R-R-N-N-R-R-R-F-F-F-F- - - ¥~ N F-X- ¥~ - Ry P- P - X-X-X-F-N-F-F-F-P-F-F- ¥ F-X-X-X-¥-X- ¥ F-¥-1

0.0 .4038E-02

0.0 .18165

0.0 . 71007

0.0 9.2156=~02

0.0 1 2.6081E~04

0.0 2.1510=-02

0.0 ©1.96133-02

0.0 2.3107E-02

0.0 .81267

148.98 2.0538 0.0 - 0.0
1l1g.92 .31466 0.0 0.0
~4.7029E+08 -5.0325E+06 0.0 0.0
1.2528 6.5272

0.0 ° 0.0 6.0 0.0
0.0 1.0000 0.0 0.0
0.0 0.0 0.0 0.0
405.01

0.0

.39186

41.178

7.7431
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HNF-2238

Revision 0
ESP V-5.4 STREAM:ap-101 ° . 6-Feb-98 ~ PAGE 1
STREAM: ap-101 . . .
POINT : 1
Phases——-wmcau. -=->  Agqueous Solid . Vapor Organic
Temperature, C T 18.000 18.000 18.000 18.000
Pressure, atm 1.0000 . 1.0000 1,0000 1.0000
pH 15,050 . :
Total mol/hx 4588.7 9.4328 0.0 0.0
kg/hr kg/hr kg/hr: kg/hr:

.H20 . 65.693 0.0 0.0 0.0 .
ALOH3 2.1422E-08 0.0 0.0 0.0
CAC204 - . 2.2794E-08 0.0 0.0 0.0
CASO4 8.7417E-10 0.0 0.0 0.0
€02 3.7944E-16 0.0 0.0 0.0
CSCL 6.3317E~07 0.0 0.0 0.0
CSNO3 . 4.4922E-05 0.0 0.0 0.0
FEITIOH3 3.22298-12 0.0, 0.0 0.0
H3PO4 2.0772E-28 0.0 0.0 0.0
HNO2 8.1685E-13 0.0 0.0 0.0
KCL 1.8641E-04 0.0 0.0 0.0
NAP e .14410 0.0 0.0 0.0 -
NAHCO3 4.6464E-07 0.0 0.0 0.0
NANO3 - .14170 0.0 10,0, 0.0
NIC204 1.9518E-15 0.0 0.0 0.0-
NIOHZ 1.1809E-08 ° 5.0565E-04 0.0 0.0
PBC204 . 9.4086E-18 0.0 0.0 0.0
PBNO22 1.7445E-16 0.0 0.0 0.0
eBO 5.2231E-09 . 0.0 ‘0.0 0.0
s102 4.09248-12 0.0 0.0 0.0
OHION' 2.8307 0.0 c.0 + 0.0

- ALOH2ION : 2.1420E-18 0.0 0.0 0.0

- ALOH4ION : . 2.5289 0.0 : - 0.0 0.0
ALOHION 5.6882E-28 0.0 0.0 0.0
CAFION 9$.38038-11 0.0 0.0 0.0
CRHCO3ION . 1.8406E-15 0.0 0.0 0.0
CAION . 3.2741E-07 0.0 ‘0.0 0.0
CAOCHION 2.3320E-06 0.0 0.0 0.0
CAPO4ION 1.26498-05 0.0 0.0 0.0
CLION - .10181 0.0 0.0 0.0
co3IoN’ 1.1852 0.0 0.0 0.0
CR207ION 3.82548-21 0.0 0.0 0.0
CRO4ION 2.6541E-02 0.0 0.0 0.0
CSION 1.1692E-04 0.0 0.0 0.0’
CSSO4ION 3.8955E-07 0.0 0.0 0.0
FEIXIOH2ION 2.0173e~21 - 0.0 0.0 0.0
FEIIIOH4ION 2.9127E-06 0.0 0.0 - 0.0
FEIIIOHION 1.6076E-31 0.0 0.0 0.0
FION 7.2407E-02 0.0 0.0 0.0
H2PO4ION 2.4331E-14 0.0 0.0 0.0
H3SIO4ION 3.0889E-06 0.0 0.0 0.0
HCO3ION 1.80065-06 0.0 0.0 0.0
HCRO4ION 3.3776E-12 0.0 0.0 0.0
HION 5.52368-17 0.0 0.0 0.0
HOXALATION 1.0221E-14 0.0 0.0 0.0
HP20710N 6.6816E~22 0.0 0.0 0.0
HPBO2ION 1.11035-04 0.0 0.0 0.0
HPO4ION 2.6198E-05 0.0 0.0 0.0
HSO4I0N 1.3254E-16 0.0 0.0 0.0
KION . 1.9439 0.0 0.0 0.0
KSO4ION 1.76695E-02 0.0 0.0 0.0
NA2FION 8.3336E-02 0.0 0.0 0.0
NACO3ION 1.1796 0.0 0.0 0.0
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NAION
NASO4ION
NIC2042IO0N
NIION
NIOH3ION
NIOHION
NO2XION
NO3ION
OXALATION
P207ION
PBION
PBNO23ION
PBNO2ION
PBOHION
PO4AION
SO4ION
UO2C0O32I0N
U02CO33I0N
CASOHP043
FEOOH
KALSIOA
NA2C204 -
NAZU207
PBOH2

Total kg/hr
Volume, L/hrx
Enthalpy, kdJ/hr
Density, kg/L
Vapor fraction
Selid fraction
Oxganic fraction
Osmotic Pres, atm
Redox Pot, volts
E~Con, l/ohm-cm
E-Con, cm2/ohm-mol
Ionic Strength

HNEF-2238
Revision 0

D-54

9.8751 c.0 0.0 0.0
1.90$5E-02 0.0 0.0 0.0
9.6651E-17 0.0 0.0 0.0
-5.9940E-17 0.0 0.0 0.0
6.9677E-04 0.0 0.0 0.0
8.1288E~14 0.0 0.0 0.0
2,9355 - 0.0 0.0 0.0
9.6305 - 0.0 0.0 0.0
2.3627e~02 0.0 0.0 0.0
1.1996E~-13 0.0 0.0 "0.0
1.2854E-17 0.0 2.0 .0
1.0991E-14 0.0 0.0 0.0
2.9734E-17 - 0.0 0.0 0.0
5.8210E-14 0.0 - 0.0 0.0,
7.0712E-02 0.0 0.0, 0.0
.21313 6.0 0.0 0.0
6.2669E~19 0.0 0.0 0.0
1.4665E~11 0.0 . 0.0 0.0
0.0 - 1,0680E~-02 0.0 0.0
0.0 6.7063E~04 0.0 0.0
0.0 5.1846E-02 0.0 0.0
0.0 1.2144 0.0 0.0
0.0 ° 4.5622E-03 0.0 .0
0.0 2.8688E-04 0.0 0.0
$8.718 1.2829 0.0 0.0
76.076 .55889 0.0 0.0
-1.,3113E+06 ~1.2870E+04 6.0 0.0
1.2976 2.2955 . .

0.0 0.0 0.0 0.0
0.0 1.0000 0.0 0.0
0.0 0.0 0.0 0.0
405.5 .
0.0

.21462 -

21,169

7.6910
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Revision 0
ESP V-5.4 . STREAM:ap-101 . 6-Feb~98 PAGE 2
STREAM: ap-101
POINT ¢ 2 = |
Phases—~wr~=wasn > Agqueous Solid . . Vapor Organic
Temperature, C 15,000 15,000- 15.000 15.000
Pressure, atm ° 1.0000 1.0000 1.0000 1.0000
pH 15,172 ° : -
Total mol/hr 4587.17 10.633 0.0 0.0
kg/hr -~kg/hr kg/hr kg/hr
H20 ) 65.693 . 0.0 : 0.0
- ALOH3 1.73378-09 9.1835E-02 0.0 - 0.0
CAC204 1.8179E~09 0.0 . 0.0 0.0
CASO04 . 9.4584E-10 0.0 0.0 0.0
coz 2.3895E-16 0.0 0.0 0.0 .
cscL : . 6.1612E-07 0.0 0.0 0.0
CcsSNO3 4.4195E-05 0.0 0.0 0.0
FEXIIOH3 2.6830E-12 = 0.0 0.0 -0.0
: H3PO4 9.5616E-29 0.0 0.0 0.0
: HNO2 6.6011E-13 0.0 . 0.0 0.0
XCL 1.7432E-04 0.0 0.0 0.0
Ce e . NAF ’ .14734 1 0.0 0.0 0.0,
a ) NAHCO3 3,4569E-07 0.0 0.0 0.0
e NANO3 .14489 0.0 0.0 - 0.0
NIC204 . 1.4128E-15 0.0 0.0 0.0
NIOH2 1.1668E~08 4.2140E-04 0.0 0.0
PBC204 5.6062E-18 0.0 0.0 0.0
PBNO22 . 1.2320E-16 0.0 0.0 0.0
PBO 4.0680E-09 0.0 0.0 0.0
s102° 3.0678E-12  .0.0 0.0 0.0
OHION . 2.8507 0.0 6.0 0.0
. ALOH2ION . 1.€6136E-18 0.0 0.0 0.0
ALOH4ION 2.4171 ’ 0.0 0.0. 0.0
ALOHION . . 3.9778E-28 0.0 0.0 0.0
CAFION 7.9416E-11 0.0 0.0 . .0.0
CRHCO3ION . 1.5870E~15 0.0" 0.0 0.0
CAION ' 3.45938-07 0.0 - 0.0 ‘ 0.0
CAOHION 2.4512E-06 0.0 0.0 0.0
CAPO4ION 1.2256E-05 0.0 0.0 0.0
CLION - .10182 0.0 0.0 0.0
CO3ION ©1.1369 0.0 0.0 0.0
CR207ION 2.3468E-21 0.0 0.0 6.0
CRO4ION 2.6541B-02 0.0 0.0 0.0
CSION L 1.1743E-04 0.0 0.0 0.0
CSSO4ION . 4.0596E~07 0.0 0.0 0.0
FEIIIOH2ION 1.3582E-21 0.0 0.0 . 0.0
FEXIIIOH4ION 2.2649E-06 0.9 0.0 0.0
FEIIIOHION 9.7221E-32 0.0 0.0 0.0
FION . 7.1291E-02 0.0 0.0 6.0
H2PO4ION 1.5347E-14 0.0 0.0 0.0
H3SIO4ION 2.5614E-06 0.0 0.0 0.0
HCO3ION 1.3936E-06 : 0.0 0.0 0.0
HCRO4ION 2.5276E~12 0.0 0.0 0.0
HION 4.1532E-17 0.0 0.0 0.0
HOXALATION 7.2608E~15 0.0 0.0 0.0
HP207IO0N 3.0287E-22 0.0 0.0 . 0.0
HPBO2ION 9.4270E-05 0.0 0.0 0.0
.HPO4ION 2.1285E-05 0.0 0.0 0.0
HSO41O0N : 9.5217E~17 0.0 0.0 0.0
KION 1.9438 ° 0.0 0.0 0.0
KSO4ION 1.8107E-02 0.0 0.0 0.0
NA2FION . 8.2144E-02 0.0 0.0 0.0
NACO3ION 1.2464 0.0- 0.0 0.0
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NAION
NASO4ION
NIC2042ION
NIION .
NXOH3ION
 NIOHION
NO2ION
NO3ION
OXALATION
P207ION
PBION
PBNO23ION
PBNO2ION
PBOHION
PO4ION
SO4ION
VO2CO32I0N
U02CO33ION
CAS0HPO43
FEOOH
KALSIO4
NA2C204
NA2U207
PBOH2

Total kg/hr
Volume, L/hx
Enthalpy, kJ/hx
Density, kg/L
Vapor fraction
Solid fraction
Organic fraction
osmotic Pres, atm
Redox Pot, volts
* E-Con, 1/ohm-cm
E-Con, cm2/ohm-mol
Ionic Strength

[ X-N-N-NoNo)

HNF-2238
Revision 0
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9.8536 0.0 0.0 0.0
1.9300E-02 0.0 0.0 0.0
-7.0442E-17 0.0 0.0 0.0
4.9001E-17 0.0 0.0 0.0
7.9648E-04 0.0 0.0 0.0
6.91758-14 0.0 0.0 0.0
2.9355 0.0 0.0 0.0
9.6281 0.0 0.0 0.0
2.1518E-02 0.0 0.0 0.0
7.1937E~14 . 0.0 0.0 0.0
9.4388E-18 0.0 0.0 . 0.0
8.5690E-15 0.0 0.0 0.0
2.0809E-17 0.0 0.0 0.0
3.9980E-14 0.0 0.0 0.0
7.0718E-02 0.0 0.0 0.0
.21262 0.0 0.0 0.0
3.3743E-19 0.0 0.0 0.0
8.9839E-12 0.0 0.0 0.0
.0 1.0680E-02 0.0 0.0
.0 6.7109E-04 0.0 0.0
.0 5,1847E-02 0.0 0.0
.0 1.2176 0.0 0.0
.0 4.5622E-03 0.0 0.0
.0 3.0372E-04 0.0 0.0 .
" 98.623 1.3779 ‘050 0.0
75.728 .59791 0.0 0.0
~1.3106E+06 =1.4428E+04 0.0 0.0
1.3023 2.3045
0.0 0.0 0.0 0.0
0.0 1.0000 0.0 0.0
0.0 0.0 0.0 0.0
405.33 :
0.0
.19809
19,480
7.6638



HNF-2238
Revision 0
ESP V-5.4 . STREAM:ap-101 6-Feb-98 PAGE" 3
. STREAM: ap-101
POINT @ 3 .
Pha. > AqQ Solid . Vapor Organic
Temperature, C . 12,000 . 12.000 12.000 12.000
" Pressure, atm 1.0000 1.0000 1.0000 1.0000
PH 15.299 - .
Total mol_/hr 4584.2 12.705 0.0 0.0
kg/hr kg/hr kg/hr: kg/hr
H20 65.660 0.0 0.0 0.0
ALOH3 . 1.3440E-08 .2368 0.0 0.0
CAC204 1.5885E-09 . 0.0 - 0.0 0.0
CASO4 1.1346E-08 0.0 0.0 0.0
co2 1.4785E-16 0.0 0.0 6.0
CcSCL . 6.0049E-07 0.0 0.0 0.0
- CSNO3 . 4,354%E-05 0.0 0.0 0.0
FEIIIOH3 2.2460E-12 0.0 0.0 0.0
H3PO4 o 3.5810E-29 0.0 0.0 . 0.0
HNO2 5.2809E-13 0.0 ¢.0 0.0
KCL 1.6295E~04 0.0 0.0 0.0
NAF .14310 0.0 0.0 0.0 .
. NAKRCO3 . 2.5502E-07" 0.0 0.0 0.0
‘ NANO3 -7 .14835 0.0 0.0 0.0
NIC204 : 9.9866E~16 0.0 0.0 0.0
NIOH2 1.1480E-08 3.2965E-04 0.0 0.0,
PBC204 - 3 3.1834E-18 0.0 0.0 0.0
PBNO22 8.4063E~17 0.0 0.0 0.0
PBO . | 3.0789E-09 0.0 0.0 0.0
‘s102 . 2.3464E-12 0.0 0.0 0.0
OHION . . 2.8818 0.0 0.0 0.0
ALOK2ION . 1.1584E-18 0.0 0.0 0.0
ALOH4ION . 2.2‘4_0_4 0.0 0.0 0.0
ALOHION 2.6354E-28 .0.0 0.0 0.0
CAFION 7.3188E-11 0.0 0.0 0.0
CAHCO3ION B 1.4998E-15 0.0 0.0 0.0
CAION 4.0405E~07 0.0 0.0 0.0
CAOHION 2.8702E-06 0.0 0.0 0.0
CAPO4ION . 1.0997E-05 0.0 0.0 0.0
CLION .10182 0.0 0.0 0.0
CO3ION 1.0843 . 0.0 0.0 0.0
CR207ION 1.4175E~-21 0.0 0.0 0.0
CRO4ION 2.6541E-02 0.0 0.0 0.0
csIoN 1.1788E-04 0.0 0.0 0.0
CSS04I0N 4.1376E-07 0.0 0.0 0.0
FEIIIOH2ION 8.9284E-22 0.0 0.0 0.0
FEIXIIOH4ION 1.7546E-06 0.0 0.0 0.0
FEIIIOHION 5.6937E-32 0.0 0.0 0.0
FION 6.9254E-02 0.0 0.0 0.0
H2PO4ION 7.9656E-15 0.0 0.0 0.0
H3STIO4ION 2.1703E-06 0.0 0.0 0.0
HCO3ION . 1.0750E-06 0.0 0.0 -0.0
HCRO4ION 1.8782E-12 0.0 0.0 0.0
HION 3.0897E-17 0.0 0.0 0.0
HOXBLATION 5.0876E-15 0.0 0.0 0.0
HP207ION 9.3584E-23 0.0 0.0 0.0
HPBO2ION 7.8238E-05 0.0 0.0 0.0
HPO4ION 1.4340E-05 0.0 0.0 0.0
KSO4ION 6.7716E-17 0.0 0.0 0.0
KION 1.9437 0.0 .0 0.0
KSO4ION 1.8614E-02 0.0 0.0 0.0
NA2FION ' 8.0254E-02 0.0 0.0 0.0
NACO3ION . 1.3191° 0.0 0.0 0.0
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NAION
NASO4ION
NIC2042I0N
NITON
NIOH3ION
NIOHION
NO2ION
NO3ION
OXALATION
P207ION
PBION
PBNO23ION
PBNO2ION
PBOHION
PO4ION
SO4ION

" UO2C032I0N
U02C033I0N
CASOHPO43
CAF2
FEOOH
KALSIO4
NA2C204
NA2U207
NAPHOH. 12H20
PBOH2

Total kg/hx
Volume, L/hr
Enthalpy,” kJ/hx
Density, kg/L-
Vapor fraction
Solid fraction
Organic fraction
Osmotic Pres, atm
Redox Pot, volts
E-Con, 1/ohm-cm
E-Con, cm2/ohm-mol
Ionic Strength’

HNF-2238
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Revision 0
.
9.8205 0.0 -
1.9547E~02 0.0
5.0053E-17 0.0
3.9482E~17 0.0 "
9.1098E-04 0.0
5.8217E-14 0.0
2.9355 0.0
9.6256 0.0
1.9458E~02 0.0
2.9626E-14 0.0
6.7012E-18 0.0
6.4829E~15 0.0 .
1.4017E-17 0.0
2.6494E-14 0.0
5.9011E-02 0.0
..21206 ‘0.0
1.7802E-19 0.0
5.3698E-~12 0.0 |
0.0 5.9328E-03
0.0 3.6891E-03
0.0 6.7146E-04
0.0 .5.1848E-02
0.0 1.2207
0.0 : . 4.5622E-03
0.0 - 5.9180E-02
0.0 . 3.1982E-04
98.416 1.5841
75.300 . 65837
-1.3082E+06  ~1.7718E+04
©1.3070 - 2.4062
0.0 - 0.0
0.0 1.0000
0.0 0.0
405.77
0.0
18111
17.757
7.6258
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EXCL

EXCL
EXCL
EXCL

EXCL

EXCL
EXCL

EXCL

6-F‘eb- 98

TR

TR
TR
TR

TR

TR
TR

TR

HNF-2238
Revision 0

ESP.V-5.4 . STREAM:ap-101

STREAM: ap-101

POINT 1

Solid . Scale Tend. Temperature Range

NA4SIO4PPT 6.83475E+14

NA3PO4. 6H20 2.27903E+14  70.000 121.000 EXCL TR

NA3PO4.8H20 4.06615E+00  40.010  70.000 EXCL TR

FECOHPPT 1.060000E+00

NAZ2U207PPT 1.00000E+00

NIOH2PPT 1.00000E+00 -

PBOH2PPT 1.000008+00 .000 60.000

NA2C204PPT 1.00000E+00 - .000 100.000

CAB0HPO43PPT 1.00000E+00 . "

KALSIO4PPT 9.99996E~01,

ALOH3PPT 9.66424E~01 .000 100.000

NAFPPT 8.42113E-01 .000 100.000

ALOOHPPT 8.41044E-01 100.100 250,000

CRAF2PPT 6.97683E-01

NAPHOH.12H20 5.89761E~01 .000- 40.000

KNO3PPT . 4.97677E-01 .000 110.000

NA2C03.10H20 3.25864E~01 . 000 32,000 -

NANO3PPT . 2.83843E-01 .000 180.000

NAFPO4.19H20 2.23997E-01 15.000 75.000
. NA2CO3.7TH20 2.08747E-01 32.000 35.370
. NA2CO3.1H20 1.85034E-01 35.370 '109.000

NAZSO4PPT 7.31470E-02 32.400 241.000

NARLO2.3H20 €6.25180E~02 !

NANOZPPT " 5.46422E-02 .000 128.000

CRAOH2PPT - 4.17342E-02 -

KNO2PPT 2.67638E-02 .000 120,000

NA2S04.10H20 2.661590E-02 .000 32.400

NA2CO3PPT . 2.53170E-02 108.000 200.000

NIOPPT 2.24117E-02 .

CACO3PPT | 1.39812E-02

NAALSIO4PPT . 1.311078-02 .

NACLPPT 6.07030E-03 .000 350.000
" K2S04PPT 4.92616E-03 9.700 292.000

K2504.1H20 4.19841E-03 .000 9.700

NAES042CO3PPT 3.47474E-03 30.000 150.000

KCLPPT ) 2.60293E-03 - .000 200.000

AL203PPT 1.37494E-03

KOH.2H20 - 7.48265E~04 .000 33.000

NAOH.1H20 7.05176E-<04 20.000 55.000

NA2CRO4. 6H20 5.93527E-04 19.500 25.800

NA2CRO4.4H20 5.84408E-04 25.910 €0.000
NAZ2CRO4.10H20 5.48071E-04 .000 18.500
NAZCRO4PPT 5.16414E-04 65.010 2860.000
K2C204PPT 4.44247E-04

NAZUO4PPT 3.96756E-04

CAC204.1K20 3.45861E-04 .000 85.000
K3NASO42PPT 3.17569E~04 35.000 150.000
NAZ20PPT 1.74660E~04

KF.4H20 1.14303E-04 .000 17.700
NAALOZ2PPT 9.18293E-05

KOH. 1H20 8.26056E~05 33.000 143.000
FEITIOH3PPT 7.43521E~05 .000 100.000
K2C204.1H20 6.43977E-05 .000 150.000
CSNO3PPT 3.91151E-05 .000 106.200
‘PBOPPT 3.54941E-05 .

K2CRO4PPT 3.00077E~05 .000 300.000
KF.2KH20 2.54645E-05 17.700 40.200
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EXCL

EXCL

EXCL
EXCL

EXCL

TR
TR °
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CA3PO42PPT
NA2HPO4.12H20
KEPPT
NA2HPO4. 7H20
NA2HPO4 . 2H20
NAHCO3PPT
NARLSIO32PET
NAOHPPT
K20PPT
K2€03.1.5H20
NA3PO4.1H20
CAC204PPT
NARLSI206.1H20
CSNO2PPT
CASO4PPT
CAS04.2H20
KHCOSPPT
K3PO4PPT
CSCLPPT
K2COSPPT
CACRO4PPT
K3PO4.7H20
CRHPO4PPT
K2HPO4PPT
SIO2PPT
K2HPO4 . 6H20
CAHPO4. 2H20
- K2HPO4 . 3H20
UO20H2PPT
K3P04.3K20 -
NA2SI205PPT - -
PBCO3PPT
CSOHPPT
CANO22. 4H20
CANO32. 4820 -
CSOH. 1H20
KOHPPT
KFELDSPARPET
CANO32.3H20
NIC204.2H20
NARLSI206PET
. CANO22.1H20
CANO22PPT
CAOPPT
NIC204PPT
CSF.1H20
KALSI308PPT
CS2CRO4PPT
K2SI205PPT
NICO3PPT
CANO32FPT
 PBC204PPT
CS2504PPT
CSFPPT,
NAH2PO4. 2H20
NAH2PO4 . 1H20
NAH2PO4PPT
KH2PO4PET
CACL2. 6H20
NINO32.2H20
CACL2.4H20
€$2€03.3. 5H20
PBF2PPT
PBSO4PPT
KHESO4PPT

HNF-2238
Revision 0

9.61707E-06
7.911638-06
6.77461E-06
4.84816E-06
3.84030E-06
3.09615E-06
2.42279E-06
2.05119E~06
2.02294E-06
1.15269E-06
8.67114E-07
6.99304E-07
3.75197E-07
3.451635-07
6.13917E-08
5.46712E~08
5.413205-08
4.91778E~08
2.75314E-08
2.07183E-08
9.59166E-08
6.62908E-09
2.78286E-09
2.68315E-09
2.19330E-09
1.67722E~09
1.31467E~09
1.30659E~09
4.59154E-10
2.14811E~10
1.18090E-10

'1.03808E-10

€6.44408E-12
2.97139E-11
2.64051E~11

2.35544E-11 -

2.22686E-11
1.04121B-11
7.53830E-12
7.50161E-12
7.30875E-12
3.72121E~12
3.03750E-12
2.32867E~-12
1.23781E~-12
1.10395E~-12

5.90118E-13

3.60863E~13
2.76815E-13
8.45734E-14
1.70565E-14
1.19653E-14
9.34531E-15
5.51472E-15
1.23086E-15
1.20735E~15
9.32903E-16
$.85356E-16
3.26207E-16
9.85736E-17
2.970898-17
2.59275E-17
1.64429E~17
7.49073E-18
3.25839E-18

.000 34.700
40,200  80.000
35,400  48.100
48.100 95,100

©.000 200.000
300.000 300.000
.000  80.000
121.000 215.000
100.000 250.000

.000° 100.000

.000  70.000

.000 119.400

.000  45.600
48,300  99.400

.000 14,700
14.700  48.300
52.000 60,000

.000  300.000
15.000 30.000

.000  34.600 -

.000  42.500
42.500  51.100

.000  25.000
34.600 115.000

500.000 500.000
55.000 151.000

.000 108.600

.000  40.000
41.000 58.000
60.000 100.000

.000  50.000

.000  30.100
85.400 115.800
30.100 45.100

.000  26.600

.000  40.000
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EXCL
EXCL
EXCL

EXCL

EXCL

EXCL

EXCL

EXCL

EXCL

EXCL

EXCL
EXCL

EXCL
EXCL
EXCL

BXCL
BXCL

TR

TR
TR

TR

TR

TR

TR
TR

TR
TR

TR
TR



NAHSO4PPT
P4O10PPT
CACL2.1H20
NIF2.4H20
PBCL2PPT
NINO32.4H20
NINO32.6H20
NA3HS042PPT
PBNO32PPT
NISO4PPT
CACLZ.2H20
NISO4.6H20
NIS04.7H20
CSH2PO4PPT
NA2CR207.2H20
NAZHPO4PPT
ALPO4PET
K2CR207PPT
CS2CO3PPT
NINO3ZPPT
CACLZPPT
FEIIIPO4.2K20

T NICL2.6H20

NICL2.4H20
NICL2.2H20
ALF3.3H20
NA2CR207PPT
KAL3SULFATEPT
OXALAC.2H20
OXALACPPT
PB3PO42PPT -
U02C204. 3420
FEIIIPO4PPT
UO2E2PPT
‘U02F2.3H20
NI3PO42PPT

. U02504. 3H20
U02SO4PPT
UVIF6PPT
ALNO33.8H20
ALNO33.9H20
CAH2PO42.1H20
FE2S043PPT
FECL3.2.5H20
FECL3.2H20
NA3PO4PPT
FECL3. 6H20
FECL3PPT
FEIIIF3PPT
FEIIINO33.9H20
UCL6PPT
UO22P207PPT
U023P042. 4H20
UO23PO42FPT
CAH2PO42PPT
UC2CL2. 3H20
U02CL2.H20
UO2CL2PPT
ALCL3. 6K20
ALNO33. 6H20
UO2NO32 ., 2H20
UO2NO32. 3H20
UOZNO32, 6420
UYO2NO32PPT
ALSO4.16H20

HNF-2238
Revision 0

3,45946E~19
1.91834E-19
1.16975E~19
9.22250E-20
4.14121E-20
3.98116E-20
3.05151E-20
f1.13384E-20
1.10121E-20
7.80640E-21
6.40735E-21
1.96542E-21
1.56782E~21
2.35040E-22
1.09934E-22
1.08407E-22

8.10196E-23

6.09846E~23
2.33104E~23
2,17867E~-23
1.95982E~23
5.53438E-24
5.01814E-24
2.60801E-24
1.68274E-24
1.43922E-24
1.13096E-26

. 3.18233E-29

3.02031E-29
2.402908-29
1.17364E-29
7.196838-30

- 6.68346E-30

1.97084E-30
1.97033E~-31
3.42895E~35
2.03828E-35
.1.00000E-35

1.00000E-35-

1.00000E-35
1.00000E-35
1.00000E-35
1.00000E-35
1.00000E-35
1.00000E-35
1.00000E~35
1.00000E-35
1.00000E-35
1.00000E~35
1.00000E~35
1.00000E-35
1.00000E-35
1.00000E-35
1.00000E-35
1.00000E~35
1.00000E~-35
1.00000E-35
1.00000E-35
1.00000E-35
1.00000E~-35
1.00000E~35
1.000008-35
1.00000E-35
1.00000E-35
1.00000E-35

175.500
. 000
000

54.000
.000

.000
28.800
64.300

.000
84.600

.000

. 000

.000
107.000
113.000

58.600

.000

.000
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260,000
90,000
287.000
85.400
54,000
82.500
100.000
500,000
175,500
100.000
31.200

60.000
120.000

150,000

28.800,

€4.300
117.800
90.000
100.000

90,200

100,000

153.600

107.000
80.000

55.000
73.500
350.000
37.000
100.000

40.000

98.000
129.000
184.000
113.000

58.600

88.000

EXCL

EXCL

EXCL
EXCL
EXCL

BXCL

EXCL
BXCL

EXCL

EXCL

EXCL
EXCL
EXCL

EXCL

EXCL
EXCL
EXCL

TR

TR
TR
TR

TR

TR

“TR

TR
TR
TR

TR
TR
TR

~@rererene
~grgrgrene
~@~ererene
~grerenene
~grerenene
~grarenene
~grerenene
~grerenene
~ergrengne
~@ e enene
~grgrenene
~@rgrenene
~gr@rerene
agrgrenene

~@h
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HNF-2238
Revision 0

ESP V-5.4 STREAM:ap-101 . 6-Feb-98 _PAGE ]
g . STREAM: ap-101
CaEeee POINT : 2 .
Solid . Scale Tend. Temperature Range
NA3PO4.6H20 6.14093E+16  70.000 121,000 EXCL TR
. NA4SIO4PPT 9.50012E+14 -
NA3PO4,8H20 8.45744E+00 40.010 70.000 EXCL TR
ALOHIPPT 1.00000E+00 .000 100,000
NIOH2PPT 1.00000E+00
PBOH2PPT . 1.00000E+00 .000 60,000
KALSIO4PPT 1.00000E+00 :
NA2C204PPT . . 1.00000E+00 .000 100.000
CASOHPO43PPT 1,00000E+00
NA2U207PPT 9.98992E-01
FEOOKPPT 9.99982E~01
NAFPPT 8.66321E-01 .000 100,000 -
NAPHOH. 12H20 8.35926E-01 .000 40.000
ALOOHFPPT 8.26936E-01 100.100 250,000 EXCL TR
CAF2PPT 8.01501E-01 .
KNO3PPT 5.46808E-01 .000 110.000 .
NA2C03.10H20 4.313288-01 .000 32.000 ’
NANO3PPT 3.04475e-01 .000 180.000
NA2C03,7H20 2.26912E~01 32.000 35.370 EXCL TR
* .NA2C03,1H20 *1.769638~01 35,370 109.000 EXCL TR
NAFPO4.19H20 1.610648-01 15.000  75.000
_NARALOZ.3H20 9.61527E-02 .,
NAZSO4PPT © 7.02071E-02 32.400 241.000 EXCL TR
NANO2PPT . 5.83178E-02 .000 128.000
CROH2PPT . 4.43754E-02 -
NA2S04.10H20 . 3.5229%E-02 .000 . 32.400
- KNOZPPT - ! 2.70402E-02 .000 120,000 ..
NAZCO3PPT «* 1 2.11401E-02 109.000 200.000 EXCL TR
NIOPPT 2.07978E-02 .
CACO3PET 1.37136E~-02
NAALSIO4PPT 1.18827E-02
NACLPPT 6.15160E~03 | .000 350,000
K2SO4PPT - . 5.55035~03" 92.700 292.000
K2s504.1H20 4,70802E~03 .000 9.700 EXCL TR
NA6S042CO3PPT 3.15855E~-03 30.000 150.000 EXCL TR
KCLPPT ' 2.,75887E-03 .000 200.000
AL203PPT 1.17707E-03
- KOH.2H20 8.019958-04 .000 33.000
NAOH. 1H20 7.09190E-04 20.000 55,000 EXCL TR
NR2CRO4.6K20 © 6.48874E-04 19.500 25.300 EXCL TR
NAZCRO4.10H20 6.46860E-04 .000 18.500
NAZCRO4. 4H20 6.29797E-04 25,910 60,000 EXCL TR
NA2CRO4PPT 6.18367E-04 65.010 260.000 EXCL TR
K2C204PPT 4.60855E~-04
NAZUO4PPT 3.67421E~-04 .
CAC204.1H20 3.54878E-04 .000 85,000
K3NASO42PPT 3.4065%E-04 35.000 150.000 EXCL TR
NA20PPT 1.55218E-04
KF.4H20 1.26195E~04 .000 17.700
KOH.1H20 8.62175E-05 33.000 143,000 EXCL TR
NARLO2PPT : 7.82524E-05
FEIIIOHIPPT 7.36531E~05 .000 100.000
K2C204.1H20 6.30634E-05 . .000 150.000
CSNO3PPT 4.66396E-05 .000 106.200
PBOPPT 3.19009E-05
K2CRO4PPT ‘3.05818E-05 .000 3200.000

KF.2H20 2.64904E-05 17.700 40.200 EXCL TR
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KFPPT .
NA2EPO4.12H20
CA3PO42PPT
NAZKPO4.7H20

. NA2HPO4.2H20

NAHCO3PPT
NAALSIO3ZPPT
NAOHPPT
K20PPT
K2C03.1.5K20
NA3PO4.1H20
CAC204PPT
CSNO2PPT
NARLSI206.1H20
CASO4PPT
CAS04.,2H20
KHCO3PPT
K3PO4PPT
CSCLPPT
K2CO3PPT
CACRO4PPT
K3P04.7H20

© K2HPO4PPT

CAHPO4PPT
SIO2PPT
K2HPO4. 6H20
' CRHPO4.2H20
K2KPO4.3H20
UO20H2PPT
K3PO4, 3H20

| NA2SI20SPPT
. PBCO3PPT

CSOHPPT
CANO22.4H20
CANO32.4H20
CSOH. 1H20
KOHPPT
NIC204.2H20
KFELDSPARPPT
CANO32.3H20
NAALSI206PPT
CANO22.1H20
CANO22PPT .
CAOPPT
CSF.1H20
NIC204PPT
KALSI308PPT
CS2CRO4PPT
K2S1205PPT
NICO3PPT
CANO32PPT
CS2S04PPT
PBC204PPT
CSFPPT
NRH2PO4 . 2H20
NAH2PO04 . 1H20
NAH2PO4PPT
KH2PO4PPT
CACL2.6H20
NINO32.2H20
CACL2.4H20
€S2€03.3.5H20
PBF2PPT
PBSO4PPT
KHSO4PPT

HNF-2238
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1.30447E-05
9,66313E-06
8.19878E-06
4.46798E-06
3.16166E-06
2.64906E-06
2.05143E-06
1.79015E-06
1.77880E-06
1.11577E-06
7.21089E-07
6.65541E-07
2.76064E-07
3.15578E~07

6.49236E~08 -
6.06333E-08

4,52665E~08
4.13695E-08
2.82148E-08
1.79142E-08

+9.77733E-08

7.44320E~09
3.42254E-09
2,22246E~09

1.81665E~09

1.44846E-09
1.12605E~-09
1.09913E-09
3.89447E~10
2.27346E-10
9.57032E-11
7.49625E-11
4.89890E-11
3.57109E-11
3.00486E~11
2.24707E-11
1.808508-11
9.76170E~12
8.43890E-12

©8.2793%E-12 °

5.41406E~12

3.82741E~12"

3.16709E~12
1.87606E-12
1.03130BE-12
8.51847E-13
4.56324E-13
4.22812B-13

- 2.31871E-13

5.80310E-14
1.69060E~14
9.84805E-15
8.84020E~15
4.70330E-15
8.19202E-16
7.94968E~16
6.05324E~16
5.98080E-16
3.93359E-16
2.56436E-16
4.45793E-17
2.689758-17
1.14826E-17
5.87284E~18
2.58737E-18

40.200
.000

1 35.400
48.100

.000
300.000

.000
121.000

100.000
.000
.000
.000

-,000
48.300

.000

s
14.700

52.000

.000

15.000°

.000

.000-

T .000

42.500

34.600
500.000

55.000
.000

.000
41.000
60.000

.000

.000
85.400
30.100

.000
.000
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80.000
34.700

48,100
95,100
200,600
300.000

80,000

215.000

250.000
100,000
70,000

119.400

45,600
99.400
14.700
48.300

60.000

300.000 ,

30.000
34.600
42.500

25.000
51,100

115.000
500.000

151.000
108.600

40.000
58.000
100,000
90,000
30.100
119.800
45.100

26.600
40.000

EXCL

EXCL
EXCL

EXCL

- EXCL

EXCL

EXCL

EXCL

EXCL

EXCL

EXCL

EXCL

EXCL

EXCL

EXCL

EXCL
EXCL

TR

TR -

TR

TR

TR

TR

TR
TR

TR

TR

TR

TR
TR



NAHSO4PPT
P4010PPT
CACL2.1H20
NIF2.4H20
NINO32.4H20
PBCLZPPT
NINO32.6H20
NA3HSO042PPT
PBNO32PPT
NISO4PPT
CACL2.2H20
NISO4.6H20
NISO4.7H20
CSH2PO4PPT

NA2CR207. 2H20 |

K2CR207PET
ALPO4PRT
CS2CO3PPT
CACL2PPT
NINO32PPT
NICL2.6H20

FEIIIPO4.2H20

NICL2.4H20
NICL2.2H20
NA2HPO4PPT
ALF3.3H20
NA2CR207PPT
KAL3SULFATPET
OXALAC. 2H20
OXALACPPT

. PB3PO42PPT

. U02C204.3H20-,
FEIITIPO4PPT
UO2F2PPT
UO2F2.3H20
U02S04. 3H20
NI3PO42PPT
UO2S04PPT
UVIF6PET
ALNO33.8H20
ALNO33.9H20 -
CAH2PO42.1H20
FE2S043PPT
FECL3.2.5H20 .
FECL3.2H20
NA3PG4PPT
FECL3, 6H20
FECL3PPT
FEIIIF3PPT
FEIIINO33.9H20
UCLGPPT
UO22P207PPT
UO23P042. 4KH20
UO23PO42PPT
CAH2PO42PPT
U02CL2. 3520
UO2CL2.H20
UO2CL2PPT
ALCL3. 6H20
ALNO33, 6H20
UO2NO32.2H20
UO2NO32., 3H20
UO2N032. 6KH20
UO2NO32PPT -
ALSO4.16H20

HNF-2238
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2,57913E-18
1.172608-13

1.00848E-19 .

7.23833E-20

3.94378E-20

3.20974E-20
2.61724E-20
1.08408E-20
7.75476E-21

6.00174E-21

5.542338-21
1.70215e-21
1.35512E-21
1.55136E-22
7.22359E-23
5.85071E-23
4.07941E~23
1.79441E~23
1.50266E-23
1.45803B-23
4.36903E-24
3.05374E-24
2.05860E~24
1.40819E-24
1.07426E-24
8.32226E-25
7.82985E-27
2.38051E-23
1.85666E-29

© 1,30061E~29

4.50225E-30
4.32545E-30
3.41712E-30
1.03001E-30
1.12923E-31
1.24338E-35
1.24226E-35
1.00000E-35
1.00000E-35
2.00000E-35
1.00000E-35

" 1.000008-35

1.00000E-35
1.00000E-35
1.00000E-35
1.00000E-35
1.00000E-35
1.00000E-35
1.00000E-35
1.00000E-35
1.00000E-35
1.00000E-35
1.00000E~35
1.00000E-35
1.00000E-35
1.00000E-35
1.00000E~-35
1.00000E-35
1.00000E-35
1.00000E-35
1.00000E-35
1.00000E-35
1.00000E-35
1.00000E-35
1.00000E~35

175.500

.000

28.800
64,300
95.100

.000
84.600

.000
.000

. 000

. 000
107.000
113.000

58.600

.000

.000

D-64

260.000
90.000
85.400

287.000
54.000

EXCL

EXCL

82.500"

100.000
500.000
175.500
100.000

31.200

160,000
150.000

28.800

64.300
117.900
120.000

0.000
100.000

. EXCL
EXCL
EXCL

EXCL
EXCL
. EXCL

BXCL

$0.200 ..

100.000
153.600

107.000
80,000

55.000
73.500
350.000
37.000
100.000

40.000

98.000
129.000
184.000
113.000

58.600

88.000

. EXCL

EXCL

EXCL

EXCL

EXCL

EXCL
EXCL
EXCL

TR
TR

TR

TR
TR
TR

TR
TR
TR

TR

TR
TR

TR

~gren@rene
Agrerenene



HNF-2238

Revision 0
ESP ¥V-5.4 STREAM:ap-101 6~Feb-98 PAGE 7
STREAM: ap-101
POINT @ 3 -
Solid Scdle Tend. Temperature Range
- NA3PO4.6H20 2.43036E+19  70.000 121,000 BEXCL TR
NA4SIO4PPT © 1.40279E+15 . )
NA3PO4.8H20 1.52625E+01 40.010 70.000 EXCL TR
KALSIOAPET 1 ..000025+00 :
FEOOKPPT 1.00000E+00
NRZU207PPT 1.00000E+00
NIOH2PPT 1.00000E+00
PBOH2PPT 1.00000E+00 .000 60.000
ALOH3PPT - 1.00000E+00 .000 100.000 .
NA2C204PPT . 1.00000E+00 .000 100.000 - .
CASOHPO43PPT 1.00000E+00 :
CAF2PPT 1.00000E+00 .
NAPHOH. 12H20 9.99999E-01 .000 40.000
NAFPPT 8.82565E-01 .000 100.000
ALOOHPPT 7.85616E-01 100.100 250.000 EXCL TR
KNO3PPT 6.06806E~-01 ..000. 110.000 .
NA2CO03, 10H20 5.74093E-01 . 000 32.000
“ NANO3PPT . . 3.27493E-01 .000 180.000 .
NA2C03.7H20 2.46451E-01 32.000 35.370 EXCL TR
NA2C03.1K20 1.68475E~01 35.370 109.000 EXCL TR
NARYLO2.3H20 1.49348E-01 - .
NAFPO4.19H20 .6.96978E-02 15.000 75.000 BXCL TR
NA2SO4PPT 6.743838-02 32.400 241.000 EXCL TR -
NANOZPPT . . 6.234858-02 ;000 128.000
CROHZ2PPT 5.28236E-02
NA2S04.10E20 4.80410E-02 .000 32.400
KNO2PPT : T2.73677E~02 .000 120.000
. NIOPPT 1.92810E-02
T NAZCO3PPT "1.74498E-02 108.000 200.000 EXCL TR
CACO3PPT 1.48995E-02 .
NAALSIO4PPT ' 1.07462E-02
K2S04PPT 6.29827E-03 8.700 292,000
NACLPPT N 6.241898-03 .000 350.000 .
K2s804.1H20 5.28933E-03 .000 9.700 EXCL TR -
KCLPPT 2.93570E-03 .000 200.000 '
NAGSO42CO3PPT 2.89077E-03 30:000 150.000 EXCL TR
AL203PPT 5.38874E~-04
KOH.2H20 8.61825E-04 .000 33.000
NA2CRO4.10H20 7.77443E-04 .000 19.500
NA2CRO4. 6H20 7.63747E~-04 19.500 25.900 EXCL TR
NAZ2CRO4PPT 7.55031E-04 65,010 260.000 EXCL TR
NAOH.1H20 7.21646E-04 20.000 55.000 EXCL TR
NR2CRO4.4H20 €.80948E-04 25.910 60.000 EXCL TR
K2C204PPT 4.80697E-04
CAC204.1H20 4.02965E-04 .000 $5.000
K3NASO42PPT 3.67845E~-04 35.000 150,000 EXCL TR
.NA2UO4PPT 3.42252E-04 .
. NA20PPT 1.45047E-04
KF.4H20 1.35015E-04 .000 17.700
KOH. 1H20 9.04249E-05 33.000 - 143,000 EXCL TR
FEIIIOH3PPT 7.29964E-05 .000 100.000
NAALO2PPT - . 6.47030E-05 .
K2C204.1H20 6.15732E-05 .000 150.000
CSNO3PPT 5.623658~-05 .000 106.200
K2CRO4PPT 3.12442E~-05 .000 300.000
PBOPPT 2.80495E-05
KFPPT 2.80291E-05_ 40.200 80.000 EXCL TR
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KF.2H20
NA2HPO4. 12H20
CA3PO42PPT
NA2HPO4 . TH20
NAHCO3PPT
NA2HPO4. 2H20
NARLSIO32PPT
NROHPPT
"K20PPT
K2C03.1.5H20
CAC204PPT
NA3PO4 . 1H20
CSNO2PPT .
NARLSI206.1H20
CASO4PPT
CAS04,2H20
KHCO3PPT
K3PO4PPT
CSCLPPT

© K2CO3PPT

CACRO4PPT
K3P04.7H20
. K2HPO4PPT
CRHPO4PPT

© SIOZ2PPT

K2HPO4. 6H20
CRHPO4.2H20
K2HPO4.3H20
UD20H2PPT
K3P04.3H20
NA2SI205PPT
PBCO3PRT
CANO22.4H20
CANO32.4H20
CSOHPPT
CSOH. 1H20
KOHPPT
NIC204.2H20
CANO32.3H2C
KFELDSPARPPT
CANO22.1H20 -
NARLSIZO6PPT
CANO22PPT
CAOPPT
CSF.1E20
NIC204PPT

. CS2CRO4PPT
KALSIS08PPT
K28I205PPT
NICO3PPT
CANO32Z2PPT
CS2S04PPT
PBC204FPT

© CSFPPT

NINO32.2H20
CACL2.6H20
NAH2PO4.2H20
NAH2PO4.1H20
KH2PO4PPT
NAH2PO4PPT
CACL2.4H20
€S52€03.3.5H20
PBF2PPT
PBSO4PPT
KHSO4PPT
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2.72066E-05

9.88044E-06

6.70253E-06

' 3.43183E-06

2.26022E-06
2.16038E-06
1.780128-06
1.56818E~06
1.56205E-06
1.08402E-06
7.01309E-07
5.01864E-07
4.12444E-07

17.700
.000

300.000

000

121.000

2.71822E-07 -

7.63834E~-08
7.47701E~08
3.75626E~08
2.93800E-08
2.90299E-08
1.55136E-08
1.10995E~08

"6.89964E-09

3.86443E-09
1.63858E-09

- 1.53965E-09

1.04531E-09
8.90448E~10
7.69052E~10
3.27233E-10
2.02270E-10
8.26720E~11
5,21393E-11
4.73369E-11
3.79450E-11
3.71998E~-11
2.15633E-11
1.47267E-11
1.25781E-11
1.02672E-11
7.20044E~12
4.33146E~-12
4.09882E-12

3.67704E-12 |

1.68305E~12
9.529198-13
5.74319E~13
5.02087E-13
3.71198E~13
2.07336E-13
3.91673E-14
1.86293E-14
1.04284E-14
6.30471E-15
3.96334E-15
7.24332E-16
5.20915E-16

4.49837E-16

4.31447E-16
3.34333E-16
3.24077E-16
8.09417E-17
2.80106E-17
7.49045E-18
4.44813E-18
2.04028E-18

100.000
. 000
.000

.000
.000
48,300
%000
14.700
52.000
.000
. 000

-.000
15.000

.000
42.500

34.600

500.000

55.000
-+ 000

85.400

.000

. 000
41.000
' .000
60.000
30.100

.000
.000
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34,700
48.100
200.000
95,100
300.000
80.000

215.000

250.000

100.000
70.000

119.400

45,600
99.400

14.700
48,300

60.000

300.000
34.600
42.500
30.000

25.000
51.100

115.000

'500.000

151.000
108.600

115.800
30.100
40.000
58.000
20.000

100.000
45.100

26.600
40.000

EXCL

EXCL
EXCL

EXCL

BXCL

EXCL

EXCL

*EXCL

EXCL

EXCL
EXCL

EXCL

EXCL

EXCL

. EXCL

EXCL

EXCL
EXCL

TR

TR

TR

TR

TR

TR

TR

TR

TR



NAHSO4PPT
CACLZ.1H20
P4010PPT
NIF2.4H20
NINO32,4H20-
PBCL2PPT
NINO32.6H20
NA3HSO42PPT -
CACL2.2H20
PBNO32PET
NISO4PPT

_ NISO4.6H20
NIS04.7H20
CSH2PO4PPT
K2CR207PPT
NA2CR207 . 2K20
ALPO4PET
€S2CO3PPT
‘CACL2PPT
NINO32PPT
NIicL2.6H20
NICL2.4H20

" FEIITPO4.2H20
NICL2.2H20 .
ALF3.3H20
NAZHPO4PPT
NA2CR207PET .
KAL3SULFATEPT
OXALAC. 2H20
OXALACEPT
U02C204. 3520
FEIIIPO4PPT
PBE3PO42PPT
UO2F2PPT
UO2F2.3H20
‘ALCL3. 6H20 -
U02504. 3H20
UO2S04PPT
UVIFGPET .
ALNO33. 6H20
ALS04.16H20
BLSO4PPT
ALNO33.8H20
ALNO33.9H20
CAH2PO42 . 1H20
NI3PO42PET
FE2S043PPT
FECL3.2.5H20
FECL3. 2H20
NA3PO4PPT
FECL3. 6H20
FECL3PET -
UCLEPPT
U022P207PET
U023P042. 4H20
U023P042PPT
FEIIIF3RPT
UO2CL2 . 3H20
U02CL2.H20
UO2CL2PPT
FEIIINO33. K20
CRHZPO42PPT
UO2NO32 . 2H20
UO2NO32. 3H20
UO2N032. 6H20
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1.90913E-19
9.62441E~20
6.58178E-20
5.44954E-20
3.93926E-20
2.40814E-20
2.21256E~20
9.89913E-21
5.30516E-21
5.29153E-21
4.56162E-21
1.45295E-21
1.15215E-21
8.47227E~23

5.56726E-23"
* 4.68532E-23

1.62463E~23
1.38186E-23
1.27328E-23
9.63122E~-24
3.69469E~24
1.59155E-24

1.37984E-24

1.16397E-24
5.49968E-25
6.12180E~27
5.44152E-27
1.55041E-29
1.12226E-29
6.88090E-30

+2.51747E-30

1.43062E~30
1,09602E-30
5.10824E-31
6.13987E-32
1.00000E-35
1.00000E-35
1.00000E~-35
1.006000E-35
1.00000E-35
1.00000E-35
1.00000E-35
1.00000E-35
1.00000E-35

. 1.00000E-35

1.00000E-35
1.00000E~35
1.00000E~-35
1.00000E~35
1.00000E~-35
1.00000E-35
1.00000E~35

'1.00000E-35

1.00000E-35
1.00000E-35
1.00000E-35
1.00000E-35
1.00000E-35
1.00000E-35
1.00000E-35
1.00000E-35
1.00000E-35
1.00000E-35
1:00000E-35
1.00000E-35

175.500
.000

54.000
.000

95,100
-84.600

.000

.000

.000
. 000

107.000
.000

80.000
.000

50.000
'55.000
215.000

.000

113.000
58.600
.000
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28.800
64,300
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90.000
120.000
100,000

90.200

1100.000

98,000

153.600

129.000
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107.000
80.000
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73.500
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58.600

EXCL

EXCL

EXCL

EXCL
EXCL

EXCL
EXCL

EXCL
EXCL
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-EXCL
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EXCL
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APPENDIX E
241-AW PROJECT REQUIREMENTS AND BASIS

1. Purpose

Initially, only the transfer system was included in the evaluation of the 241-AW Tank
Farm. It is clear from the evaluation that some work scope is needed to address system
deficiencies. In order to ensure those issues with all of the systems are addressed by any new
work scope, all of the systems need to be evaluated. As part of the W-314 Project definition,
other systems in the 241-AW Tank Farm were evaluated in fiscal year 1995 in a system
condition assessment survey. A number of issues and system deficiencies were identified and
documented during the system condition assessment survey. The purpose of this attachment is
to present a preconceptual project scope for the 241-AW Tank Farm. A number of system
deficiencies were identified in the course of this evaluation. Many of the deficiencies can be
remedied by repair or replacement in kind. Only a few of the deficiencies will require new
project work scope to remedy. The tables below identify issues that need to be addressed.
~ Solutions for five issues should be included in new work scope, namely the AW-A and AW-B
Valve Pit jumper modifications (see Table E-2a for the nozzle connections); the AW Stack
modification necessary to provide National Emission Standards for Hazardous Air Pollutants
(NESHAP) compliant continuous emissions monitoring; replacement of the transfer pump in
tank 241-AW-104; connecting line LIQW-702 directly to line SN-220; and installation of flow
meters in tank 241-AW-101 primary ventilation exhaust ducting. Preconceptual design work
to address all of these issues is being developed. The other issues listed in the tables and in the
body of this document need to be addressed and remedied. At the time of this writing
however it is apparent that the best way to address most of these issues is through
maintenance activities, negotiation with regulators, or other work scope which is not project
related. :

This list of issues was developed using the system condition assessment survey, and the
evaluation of the transfer system done for this document. This issues list is intended to be
modified over time as new issues are identified or clearer definition of requirements and basis'
becomes available. Systems included in this evaluation are: ventilation system, transfer
system, electrical system, monitor and control system, utilities systems, and sampling systems.
The attempt here is to identify issues (system inadequacies) with all of the systems, reference
requirements not met by current system configuration, and state the basis for the requirement.
Each of the systems has its own issues table. It is important to note that some of this work
may already be included as project scope. Part of this evaluation is to determine the value
added to combining all of the 241-AW Tank Farm system deficiencies into a single project.
This evaluation will provide input to assist in making that decision.



2. Ventilation system
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In assessing the tank ventilation system, Initial Assessment Report HVAC Systems,
WHC-SD-W314-ES-022 (Kriskovich 1996) was used as the basis for the evaluation.

The performance requirements for the ventilation system are as follows: LCO 3.2.1 of
TSR-006 requires that “the active primary ventilation system shall be operable.” The
electrical system repairs listed in the condition assessment item 1 in Table E-1 should be
addressed by maintenance activities. The ventilation system will also need to meet
environmental permit requirements. The stack upgrades listed in Item 2 in Table E-1 should be
addressed by project work scope. Finally, Item 3 in Table E-1 requires further evaluation.

In addition to the issues listed in Table E-1 below, the Heating, Ventilation, and Air
Conditioning (HVAC) system will need to be capable of removing heat added to the tank by
operation of two mixer pumps. The HVAC system will need to remove sufficient heat such
that the temperature of the waste does not exceed 90.6 °C (195 °F). Although the temperature
of the waste is expected to rise during operation of the mixer pumps, the amount of time
necessary to reach 90.6 °C (195 °F) is on the order of days. The time required to operate the
mixer pumps to achieve the desired dissolution is expected to be on the order of hours (see
Attachment 1). The temperature limitation of the waste is therefore not considered to be an
issue even with operation of the mixer pumps. Mixer pump operation in tank 241-AW-101
will be modeled (hydraulic/chemical) to provide a basis for the required duration of mixer
pump operation. The operations concept and procedures will need to be written to consider
the mixer pump operation time limitations.

Table E-1. Ventilation System. (2 Sheets)

Issue

Process needs

Basis

Suggested scope of work
to address issue

1. Electrical supply and
control circuits to the

-primary fans are in poor
condition and jeopardize
the refiability of the
system (wire terminations
are niot properly supported
and control circuits are not
fully functional).

Repair or replace
electrical components in
the HVAC system,

| Specific components are

identified in the Condition
Assessment Survey (WHC-
SD-W314-ES-020).

LCO 3.2.1 Technical Safety
Requirements (BIO) requires
that the active primary
ventilation system shall be
operable. The basis for this
requirement is the need to
prevent flammable gases
from accumulating in the
tank headspace.

Write a work package to
confirm condition of
electrical supply and
control circuits.
Document specific
components requiring
repair or replacement
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Table E-1. Ventilation Sysiem. (2 Sheets)

Issue

Process needs

Basis

Suggested scope of work
to address issue

2. The 241-AW primary
ventilation stack will likely
be redesignated from a
minor to a major stack.
Permitting, monitoring,
and potentially treatment
requirements will change.

Upgrade the 241-AW
ventilation system to be
compliant with NESHAP.
This is likely to require
changes to the effluent

-monitoring system. A fully

NESHAP - compliant
ventilation stack system
has been developed under
Project W-420. The
estimated project cost for
a single stack is
approximately $200,000.

A criterion for designation of
an effluent discharge stack as
minor or major is whether
the potential for unabated
discharges results in an off-
site exposure of

1x 10 mSv/yr

(0.1 mrem/yr). Air modeling
requirements have recently
changed by a factor of 1.5.
This increased factor causes
the current 241-AW primary
stack to exceed

6 x 10" mSv/yr

(0.06 mrem/yr) unabated
releases under current
conditions. Increased releases
are likely due to mixer pump
operation.

This is project work
scope. The design for
changes to the 241-AW
primary ventilation stack
will be similar to the
design done for the
W-420 Project (see
Attachment 2). -

3. The HVAC system
does not have the
capability of removing
toxic pollutants from off-
gas. This issue is
particularly important
during a Gas Release
Event (GRE). The
concentrations of volatile
toxic pollutants in the tank
waste are not well
characterized. Release
fimits are not currently
defined. '

Install or provide
expansion capability for an

 activated carbon filter and

dry scrubber system in the
HVAC system to reduce
or eliminate toxic
pollutants from the off-gas
stream.

Toxic constituents are present
in off-gas from the tanks
potentially at concentrations
which will require abatement.
This follows the
recommendation made in
WHC-SD-

W314-ES-022.

Adding the capability of
toxic constituent removal
to the HVAC systems is
currently planned for
W-314. Development of
a basis for this
requirement will require
vapor space sampling of
target Double-shell tanks
(DSTs) with analysis for
Tanks Advisory Panel
(TAPs).

4. There currently is no
direct method to measure
the primary ventilation
airflow from tank
241-AW-101. The filtered
inlet air flowrate is -

monitored but this doesn’t

account for inleakage
through pump pits, etc.

Install flow meters in tank
241-AW-101 primary
ventilation exhaust
ducting. See Double-Shell
Tank Primary Ventilation
Exhaust Flow Monitor
System Design
Description, HNF-SD-
WM-SDD-074 for
conceptual design
information.

Flow monitoring in
conjunction with hydrogen
monitoring equipment
already installed, will allow
for determination of the
overall hydrogen generation
and release rates. This
information will be necessary
for controlling the waste
degassing operation. See
Technical Basis for
Installation of the Double~
Shell Tank Exhaust Flow
Monitoring Systems, HNF-
SD-WM-ER-629 for a
detailed basis.

Issue work package to
install flow monitoring
system on the
241-AW-101 tank
exhaust header and
connect the output
signals to TMACS.
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3. Transfer System

The evaluation of the transfer system is documented in this report. The Tank Waste
Remediation System Operation and Utilization Plan (TWRSO&UP) (Kirkbride et al. 1997)
transfer list was used as the starting point. All of the transfers originating or ending in .
241-AW were extracted from the transfer list, and paths were defined for each of the different
tank to tank transfers. All of the transfer equipment in the different transfer paths was
considered.

Issue 1 in Table E-2 is the broken transfer pump in tank 241-AW-104. Although repair
or replacement of a transfer pump is a major effort, the work is replacement in kind (most
likely with an existing spare). It is recommended that if used the existing spare transfer pump
should be shortened. An existing turbine pump such as the spare for the 241-AW-104 transfer
pump can be shortened by replacing one or more shaft section(s) and transfer pipe section(s)
with shorter pieces. These shorter pieces are available from the pump manufacturer. Even
given the pump shortening, this work scope should be considered as replacement in kind.

Issue 2 and Issue 6 in Table E-2 are the jumper modifications needed in the AW-A and
AW-B Valve Pits, and the 102-A central Pump Pit. Table E-2a lists the nozzles in each pits
that need to be connected to support the identified transfers. A preconceptual design for the
jumper configurations in each pit is included in Figure 1. Figure la shows an alternate
manifold system that may add flexibility by including the 2-in. lines. Figure 2 shows the
jumper recommended in the 241-AW-102 02A central pump pit. Figure 3 shows the
recommended jumper configuration for the 241-AW-103 and -106 tanks and for the
241-AN-106 tank. Issues 4 and 5 establish requirements that new jumper designs will need to
meet. These issues will be addressed during the conceptual design of the jumper system.

Issue 3 in Table E-2 requires a field evaluation to determine what if any damage was
done to the piping, valve pits, and monitoring equipment in the valve pit. The field evaluation
should pressure test the transfer lines between the AW-A and AW-B valve pits and should
visually inspect the valve pits for any signs of damage caused by acid leakage.

Several potential issues were evaluated and determined not to constitute significant
problems; what follows is a brief discussion of those potential issues.

In December of 1984, a submersible pump was being used to transfer waste from
tank 241-AW-101. The discharge line from the pump (5.1 x 10? m [2-in.] rubber hose) had
come loose from the discharge flange. The weight of the line caused the pump to rotate on its
support cables and prevented the pump from being withdrawn from the tank. Support cables
to the pump were cut and the pump was allowed to fall back into the tank. The pump is
currently resting on the bottom of the tank. The potential issue is the possibility that the pump
could either block the mixer or transfer pump intake or be thrown into the tank wall or
instrumentation by the mixer pump outflow. A thrown transfer pump has the potential to
damage an instrament tree, air lift circulator, or otherwise damage the tank structure.
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Noting that this issue is not limited to a transfer pump in tank 241-AW-101 is
important, other (perhaps all) tanks contain debris that could affect mixer or transfer pump
operation. Debris in tank 241-SY-101 was addressed in the Los Alamos National Laboratory
Safety Assessment (LANL) for the 241-SY-101 Mixer Pump, LA-UR-92-3196, Appendix D.
The conclusions of the analysis were that none of the debris in tank 241-SY-101 is a credible
threat to the structural integrity of the tank; that no permanent damage to instrument trees was
anticipated to occur; and that entrapment of debris by the mixer pump was unlikely to occur.
Operation of the mixer pump in tank 241-SY-101 has occurred without such an incident
occurring since 1993. The mixer pump design and the transfer pumps have a screened intake
that would likely prevent ingestion of debris. The safety assessment determined that this
potential issue is not a significant problem.

Another potential issue is the Net Positive Suction Head (NPSH) required to operate
the mixer and transfer pumps versus the NPSH available from the system. If the NPSH
required is greater than the NPSH available, the pump will experience a cavitation on the
suction side of the pump. A cavitation on either suction or discharge will lead to pump
damage and early failure. In an evaluation by M.A. Przybylski, it was determined that the
~ mixer pumps can be operated at full speed with a submergence (level difference between the

impellers and the liquid level) of approximately 5.5 m (18 ft) (dependant upon the
temperature of the liquid, 5.5 m [18 ft] at 100 °C [212°F], 1.2 m [4 ft] at 60 °C [140°F]).
The mixer pump can be run at slow speed (58 percent of full speed) with a submergence of
1.1 m (3.5 ft) for a waste temperature of 88 °C (190°F).

Drawing the waste in the tanks down to 0.25 m (10-in.) is desirable. The NPSH
required by the transfer pump (W-211 Sulzer Pump) is 5.5 m (18 ft). With the impeller
located approximately 0.69 m (27-in.) from the bottom of the tank, the waste can be drawn
" down to 0.25 m (10-in.) provided the temperature of the waste is less than 60 °C (140°F). At
a temperature of 91 °C (195°F), the submergence of the pump will need to be 3.4 m (11 ft)
based on a SpG of 1.41 to prevent a cavitation. These calculations are included as
Attachment 3. The temperature dependance of the pump submergence requirement will need
to be factored into operating procedures to be developed for the tank retrieval activities.
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Table E-2. Transfer System. (2 Sheets)

Issue Process needs Basis Suggested scope of
work to address issue
1, Tank 241-AW-104 Install 2 new or spare The TWRSO&UP has Although the pump
does ot have a functional | pump into the Tank 241- identified two supernate will likely be replaced

transfer pump (the existing
pump has a broken
coupling in the shaft).

AW-104 Central Pump Pit
04-A to provide the means
to transfer waste from the
tank.

transfers of 2000 m*
(540,000 gal) and 620 m*
(164,000 gal) scheduled to
occur in October of 1998. As
part of changes made during
the readiness to proceed
effort, tank 241-AW-104 is
currently scheduled to be a
waste feed delivery tank with
transfers to 241-AP-102 and
241-AP-104 in June 2004
(batch 5). The Waste Feed
Delivery (WED) transfer will
be supernate only.

with an existing spare,
the pump replacement
should be project work
scope due to the cost
and complexity
involved with the
removal and disposal
of the existing pump.

1.2) Piping from pump to
the pit wall should use
existing pipe nozzles and
Jjumpers to the extent
possible. -

The pump shall connect to
wall nozzle A, and tank
return nozzle G in the
241-AW-04A Central
Pump Pit.

Use of Existing piping systems
is required to reduce costs, to
minimize disruption of
operations, and to eliminate
the need of excavation in the
tank farms (Reference
Drawing # H-14-020802 sh.3,
for existing piping system).

1.b) The existing pump (if
functional) would not meet
system flow and head
requirements.

The pump shall provide a
minimum flow of

0.53 m*min

(140 gal/min), and a
maximumn head of 116 m
(379 f).

The lowest pressure rating in
the. piping systems is 1.6 MPa
(230 psi) in the 3-in. SN-220
line. A specific gravity of 1.41
and a maximum allowable
operating pressure of 1.6 MPa
(230 psi) suggest that the
maximum allowable dead head
pressure is 116 m (379 ft).
The minimum flow rate
requirement is based on
transferring

3790 m® (1,000,000 gal) over
a five day period (Best
Engineering Judgement)
(calculations shown in
Attachment 4).

The basis for the
flowrate will require
that a definition and
flow requirements for
“supernate” transfers
be developed.
Awaiting work plan
and cost estimate from
Pacific Northwest
National Laboratory
(PNNL).

1.c) The existing pump in
tank 241-AW-104 (a stick
type pump ) intake is
approximately 2.5 m
(100-in.) below the
nominal sludge/liquid
interface.

Install a supernate pump
(flex and float or a
shorter stick-type pump),
such that the pump intake
is above the sludge level
in the tank.

All of the transfers currently

identified from tank 241-AW-

104 are supernate only.

E-8




HNF-2238
Revision 0

Table E-2. Transfer System. (2 Sheets)

Issue

Process needs

Basis

Suggested scope of
work to address issue

2. The current valve pit

jumper configuration will
not support the planned .
transfers.

The system shall be
designed such that the
nozzles identified in the
Table E-2a below can be
connected. -

Transfers identified in the
TWRSO&UP and updated to
reflect the readiness to
proceed baselines, routes -
identified in Appendix A.

Installation of a new
jumper system is
project work scope. A
manifold sketch is
included as Figure 1.
Fluor Daniel
Northwest to develop
detailed drawings.

3. In 1984 or 1985, an
acid transfer from PUREX
damaged 2-in. SL-161 and
potentially other
equipment. *

The AW-A and AW-B
Valve Pits and transfer
lines between these valve
pits shall be evaluated
(pressure tested).
Damaged equipment shali
be repaired or replaced.

Existing equipment will need

to be maintained or repaired to

support continued operations

through Phase 1 privatization.

Additionally, equipment will

also likely be used through the

end of Phase 2 privatization.

Develop a work
package to visually
inspect the condition
of the AW-A and AW-
B Valve Pits and to
pressure test the SN-
271 line between the

two Valve Pits.
4, Pump and Valve Pit System shall be integrated | The current control strategy is | Specific I&C
modifications need to be with both existing control | to control transfers from a integration
designed so that they are system and system to be central control room (valve requirements will be
controlled by existing and | installed by Projects W- positions shown on read out developed by Vista
planned equipment. 314 and W-211. board). Research.
5. Systems need to meet Pipe systems shall have The system needs to comply Compliance issues are
RCRA (dangerous waste leak detection and shall be | with WAC-173-303. being negotiated with
rules) self draining. : ’ regulators.

6. The current system
only allows transfers out
of 241-AW-102 to the

Provide a jumper
connection from nozzle K
to nozzle A in the 02-A-

To make the transfers listed in

the TWRSO&UP,

(241-AW-102 to 241-AW-106)

Installation of a new
jumper system is
project work scope.

242-A evaporator but the central pump pit. Retain a routing through the 02-A Fluor Daniel
capability is required to connection from nozzle K | central pump pit is needed. Northwest to develop
also pump from to nozzle G. See Figure detailed drawings.
241-AW-102 to 2.

241-AW-106.

7. The proposed new W- | Connect line LIQW-702 Line LIQW-702 is required for | Fluor Daniel

314 line does not require directly to line SN-220, receipt of misc. Waste into the | Northwest to develop
the use of Valve Pit 241- bypassing the DST system via the 204-AR detailed drawings.
A-A excepting waste 241-A-A Valve Pit. vault. Bypassing the 241-A-A |

transferred from 204-AR. Valve Pit allows it to be

A route from 204-AR to abandoned.

241-AW that bypasses
Valve Pit 241-A-A would
allow this valve pit to be
abandoned.
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Table E-2a. Valve Pit connections and dates.

Valve pit 24'1-AW-A Need dates Valve pit 24.1-AW-B Need dates-
connections . connections

nozzles L-1 to L-2 6/15/98 - 4/4/11 (exists) nozzles R-1 to R-14 10/10/98 - 12/1/10
nozzles L-1 to L-14 8/6/98 - single use nozzles R-1 to R-15 6/3/98 - single use (exists)
nozzles L-1 to L-15 10/6/00 - 4/2/06 nozzles R-3 to R-9 now (exists)
nozzles L-1 to L-16 1)9/03 - 1/14/03 nozzles R-14 to R-15 4/5/99 - 10/12/99
nozzles L-2 to L-14 1/17/05 - single use nozzles R-14 to R-19 1/17/05 - single use
nozzles L-2 to L-15 10/10/00 - 4/2/06 " | nozzles R-15 to R-16 10/28/98 - 9/22/99
nozzles L-2 to L-19 7120/99 - 1/17/05 nozzles R-15 to R-19 7/20/99 - 7/1/11
nozzles L-16 to L-19 7120/99 - single use

_ Additionally, in the 02-A central Pump Pit, Nozzle K shall connect to nozzle A to allow 2 transfer from
tank 241-AW-102 to tank 241-AW-106 without having the waste go through the 242-A Evaporator. This
connection is needed for two transfers scheduled to occur 10/28/98 and 9/22/99.

4. Electrical System

Three issues are identified with the electrical system. The first two are derived from

- previously performed Condition Assessment Survey (CAS) inspections. The issues identified
here from the Condition Assessment Survey should be resolved through the corrective
maintenance process. Deficiencies documented during the 1995 CAS performance are,
however, dated. Establishing baseline information that accurately describes the physical
condition of waste transfer system components is important. This can be accomplished via
employing the formal DOE CAS methodology or by means of a similar assessment/inspection
system. Knowledge of the current condition of equipment/systems is essential to determining
reliability, repair, and replacement needs. The third issue deals with the capacity of the
electrical system. Work to resolve the third issue is currently underway.
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Table E-3. Electrical System.

Issue

Process needs

Basis

Suggested scope of work
to address issue

1. A 1995-system
assessment survey found
many deficiencies with
MCC-241-AW

Electrical system must be
repaired.

System will be operational
through the end of Phase
1 Privatization.

Develop a work package
to confirm condition of
MCC-241-AW,
Document specific
components requiring
repair or replacement.

2. 1995 system
assessment for HVAC
identified electrical issues
with the HVAC systems

See Ventilation System
Issue 1.

See Ventilation System
Issue 1. ’

See Ventilation System
Issue 1.

3. Itis not clear that new
loads that will be installed
under project W-211 have
been fully evaluated and
compared with excess
capacity in the system.

Upgrade el;,ctrical system
-TBD

Electrical Transmission
systems may need to be
upgraded to account for
the new loads.

Develop a work package
to review the electrical
system capability and
availability versus use and
document.

5. Monitor and Control System

Two issues are identified with the. monitor and control system. The first issue comes
from previously performed Condition Assessment Survey (CAS) inspections. The issues
identified here from the CAS should be resolved through the corrective maintenance process.

Deficiencies documented during the 1995 CAS performance are, however, dated. Establishing

baseline information that accurately describes the physical condition of waste transfer system
components is important. This can be accomplished via employing the formal DOE CAS
methodology or by means of a similar assessment/inspection systera. Knowledge of the
current condition of equipment/systems is essential to determining reliability, repair, and

replacement needs.

The second issue comes from the fact that some new monitor and control systems are

expected to be installed under Projects W-211 and W-314. These instrument systems will need

to integrate with existing instrumentation in the Tank Farms. The design work for the new

instrumentation is not yet complete. When the design media become available, the integration

issue listed here can be addressed.

E-11

{



HNF-2238
Revision 0

Table E-4. Monitor and Control System.

R R I

Issue Process needs Basis Suggested scope of work
to address issue
1. Maintenance issues TBD (the primary issue WHC-SD-W314-ES-018, Develop a work package
were identified in ‘95 was the weather tightness ‘95 assessment will be to assess the condition of
assessment, of the enclosures) updated to verify the 241-AW monitor and

requirements

control system. Document
specific components
requiring repair or
replacement.

2. Existing monitor and
control systems need to
interface with new
systems.

Systems need to work in a
coordinated way per the
operations Monitor and
Control (M&C) concept.

Existing and new
monitoring and control
systems will be operated
by TWRS personnel for
efficiency, all of the farms
should be similar (best
engineering practice).

Specific M&C integration
requirements will be
developed by Vista
Research

6. Utilities Systems

Two issues associated with the utilities systems were identified

. The first issue is the

need to provide flush and dilution/dissolution water to the 241-AW Tank Farm. The current
system provides only 0.23 m®/min (60 gal/min). A flush rate of 0.23 m*/min (60 gal/min) is
likely sufficient to meet all flushing requirements except the waste retrieval transfers from

241-AW-101, but is unlikely sufficient for dilution/dissolution needs.

The other issue is the need to prevent the frequent cycling of the air compressors.
Compressed air is used for instrumentation and air lift circulators. The current compressed air
receiver tank may be undersized or the system has leaks, causing the compressors to cycle on
and off every 30 to 50 seconds. The compressors are experiencing early failures and increased
maintenance costs due to the frequent cycling. The reliability of the instrumentation is based

on the reliability of the compressed air system.
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Table E-5. Utilities Systems.

Issue

Process needs

Basis

Suggested scope of work
to address issue

1. Needto provide
water for flush and
dilution/dissolution.

Provide watet for 241-AW-
101 for dilution/dissolution
and line flushing, and to the
remaining tanks for line
flushing. Line flushing
requirements 0 to 100% of
flow rate (0 to 0.57 m*/min
[0 to 150 gal/min],

1.83 m/sec [6 ft/sec] in 3-in.
line) for 241-AW-101. TBD
gal/min for remaining tanks.

Tank 241-AW-101 is a
source tank for

Envelope A and as such
will require
dilution/dissolution water.
Other tanks require line
flushes following
transfers. Current flush
system capable of
approximately

0.23 m*/min [60 gal/min],
new system to be installed
by W-211 is expected to
provide up t0 0.57 m*/min

A defensible basis for the
flowrate will require a
review of solids
resuspension models and
potentially pipe loop
pumping studies. A Work
plan and cost estimate for
these activities are 1
currently being developed
by PNNL. .

support existing and future
operations.

(150 gal/min).
2. Compressors cycle Determine the cause of the Reliability of some Develop a work package
every 30 to 50 seconds - | frequent cycling of the air instrumentation is based to assess the compressed
and experience early compressors, and plan and on the reliability of the air system and determine
failures. . execute a solution. compressed air system. the cause of the frequent
The Compressed Air cycling. After the cause
system is needed to of the cycling has been

determined, a scoping
study of alternatives is
needed to develop a
project requirement.
Alternatives might include
repair or replacement of
buried air lines if leaking
or larger compressed air
receiver tanks,

7. Sampling Systems

No issues were i_dentiﬁed with the existing sampling system, the requirements given
below attempt to address necessary new capabilities that will be required for the feed delivery

system.
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Table E-6. Sampling Systems.

be drawn from 241-AW-
101 after mixing but
before settling.

homogenized feed
delivery tanks
(241-AW-101) to support
immobilization operations

of waste constituents.

Issue Process needs Basis Suggested scope of work
- to address issue
1. No issues were Any changes to the 241- Transfers in and out of None
identified with the current | AW system shall not DSTs in 241-AW will
sampling system. preclude the ability to require grab samples to
obtain grab samples from | confirm waste
two risers in each tank. compatibility. Tank 241-
) AW-101 may also require
process control grab .
samples during waste feed
staging.
2. Provide tank viscosity data | Process need, waste None
to support transfer pumpability is a function
analysis. ‘ of viscosity. Viscosity
data does not exist for all
waste types.
3. Provide “Boil Down” data | This requirement meets a None
1o support 242-A 242-A Evaporator process
Evaporator operation. need.
4. Samples will need to Provide sample analysis of | Private contract stipulation | None

8. Additional issues associated with tank 241-AW-101

Beyond the issues identified in the tables above, additional issues are associated with
tank 241-AW-101 because it is scheduled to be retrieved and delivered to the private
contractors during Phase 1.

‘ The 241-AW-101 tank is a flammable gas watch list tank. The 241-AW-101 tank has a
crust of solid material on top of the waste, a layer of liquid waste, and a layer of settled solids

or sludge on the tank bottom. Hydrogen and other flammable gasses are continuously

generated by the decay processes of the radioactive constituents in the waste. These flammable

gasses are trapped by the sludge and crust layers. It is assumed that the tank will require a
degassing step before retrieval to control the release of the flammable gasses. The planned

degassing process is to gently mix the waste with mixer pumps. There are currently no mixer

pumps installed in tank 241-AW-101. A new transfer pump is also needed in tank
241-AW-101 to meet the required flow rate of 0.53 nr/min (140 gal/min).

The waste in tank 241-AW-101 requires dilution to ensure that waste trarisferred from

the tank will not form solids and plug the transfer line during the transfer. The waste also

E-14
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requires dissolution to deliver as much as possible of the tank waste. The requirement for
delivery of flush/dilution/dissolution water volume flow is given in the Performance
Requirements for Phase 1 Waste feed Delivery Components, HNF-1985 (Claghorn 1998). The
flow requirement is to provide from O to 100 percent of the delivery flow or up to
0.53 m*/min (140 gal/min). The current flush system in the-241-AW Tank Farm can deliver
only approximately 0.23 m*/min (60 gal/min). The reason for the low flow rate is that the
flush system is delivered through 3.8 cm (1%-in.) pipe. Because the 241-AW-101 tank is full
of waste, at least initially, the dilution water will need to be added to the pump intake. On the
other Envelope A tanks, providing the dilution water through the 2-in. slurry lines is possible.
The 2-in. slurry line from the AW-A valve Pit to the 241-AW-101 tank was damaged and can
.1o longer be used. The initial dilution water to be added at the pump intake will need to be
delivered to the 01-A central pump pit through an alternate route. As one option, running the
flush line overground from the 241-AP Tank Farm flush/dilution/dissolution system and into
the 01-A central pump pit may be possible. If an overground line were run, backflow
prevention would need to be installed in the 01-A Central Pump Pit.

The waste in tank 241-AW-101 has been evaluated, and addition of caustic to the tank
is not beneficial either from a stand point of aided dissolution, or from a standpoint of '
maintaining the tank within the corrosion concentration limitations (refer to Attachment 5).
There may be a benefit from the standpoint of corrosion prevention in the transfer piping to
having the capability to flush with inhibited water (0.01 MNaOH).

Noting that the issues listed above will all be addressed by the W-211 Project is
important. The 241-AW-101 tank is planned to be included in the scope of project W-211,
Definitive design for tank 241-AW-101 is scheduled to begin early in FY 1999. Construction
activities are scheduled to be completed by June 2002. As mentioned in Appendix B of this
document, it is likely that a reliability benefit would be gained by having the 241-AW-101
tank ready to transfer waste at the beginning of Phase 1. :

Table E-7. Additional Tank 241-AW-101 Issues. (3 Sheets)

Issue

Process needs

Basis

Suggested scope of work
to address issue

1. 241-AW-101 has no

means to mobilize solids

Install two mixer pumps to
mobilize solids

Decision Document, Phase
1 Intermediate Waste Feed
Staging System Design
Reguirements (Galbraith
and Daling 1997). Mixer
pumps were the most cost-
effective alternative for
waste mobilization and
mixing

none
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Table E-7. Additional Tank 241-AW-101 Issues. (3 Sheets)

Issue

Process needs

Basis

Suggested scope of work
to address issue

2. Sodium salts in
241-AW-101 must be
dissolved prior to delivery
to the privatization
vendor. Saturated salt
solutions can cool and
form precipitates during
transfer.

LAW transfer pump shall
have capability to inject
water or agueous solutions
of NaOH at the pump
suction bell. ’

Dilution of waste with
water or dilute caustic
solutions is required to
dissolve solids and prevent
precipitation during
transfer

none

3. Transfer velocity should
be sufficient to avoid line

241-AW-101 transfer
pump shall deliver waste

Required transfer velocity
is dependent on whether

The basis for the flowrate
will require that 2

pluggage. feeds at TBD fi/s “supernate” or “slurry” definition and flow
transfers are being requirements for
performed. “supernate” and “slurry”
. transfers be developed.
Awaiting work plan and
cost estimate from PNNL.
4. Sodium salts in System shall have Preliminary results for Complete 241-AW-101
241-AW-101 must be capability to add up to 241-AN-105 indicate that | flowsheet ESP model runs
dissolved prior to delivery | 3790 m® (1,000,000 gal) the settled solids will to estimate water volume
1o the privatization water to tank require approximately a requirements
vendor. 241-AW-101. 1:1 dilution for solids
dissolution.
5. Dilution water is System shall have Dilution water is needed none
needed to dissolve the capability to add dilution near the mixer pump
waste solids. The mixer water to 241-AW-101 at intakes to provide a
pump intake is near the or near the mixer pump pumpable fluid at the
tank bottom beneath 2.7 m | intake. The dilution water | pump intake for startup.
(9 ft) of compact settled capacity shall be Addition to the mixer
sludge. Start up of the 0.27 m®/min (70 gal/min). | pump intake is also the
mixer pump will require best way to provide fast,
addition of water. thorough mixing of the
dilution water with the
waste solids. The dilution
system capacity is
0.53 m*/min (140 gal/min)
. added to two mixer
pumps.
6. The 241-AW-101 Provide AW-101 tank Monitoring of slurry It is expected that this
instrumentation does not instrumentation capable of | density at different depths | instrumentation will
currently provide a means | monitoring solids setiling is needed to monitor solids | consist of an ENRAF
to accurately locate the and identifying a settling and establish the gauge with the
solid/liquid interface as solid/liquid interface in a location of the densitometer upgrade.
solids settle. tank with settled sotids tiquid/settled solids ‘This is the instrument
interface for controlling specified for the W-320
supernate decanting. project.
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Table E-7. Additional Tank 241-AW-101 Issues. (3 Sheets)

Issue

Process needs

Basis

Suggested scope of work
to address issue

7. To prolong pump life
the transfer pumps should
be sized to prevent pump
cavitation under planned
operating conditions.2

241-AW-101 transfer
pump shall have a NPSHR
of 5.5 m (18 ft) or less

At 60 °C, no cavitation
should occur at 43 cm
(-17 in.) of submergence
(see attachment 3). This
allows a decant pump
(assumed impeller location
68 cm (27 in.) above the
tank bottom) to pump the
tank down to a 25 cm

(10 in.) heel.

None

8. A new transfer pump is
required in 241-AW-101.

241-AW-101 transfer
pump shall have a
maximum developed head
of 379 ft (230 psi and-
1.41 g/ml)

The maximum developed
pressure should not exceed
the piping design pressure.

Document logic and
source of design pressure

9. The current retrieval
scenario requires that
clarified supernate be
transferred to the staging
tanks. This will require an
adjustable intake pump to
complete the retrieval.

241-AW-101 transfer
pump inlet shall be
adjustable from 10 m to
0.25 m above the tank
bottom

Best engineering
Jjudgement.

There are alternative
retrieval scenarios which
would utilize 1 or 2 fixed
inlet pumps.

The appropriate transfer
pump configuration needs
to be determined. This is
has a number of impacts
on process reliability and
will require an
alternatives evaluation.

10. Addition of cool water
to the waste could result in
precipitation of solids. It is
also desirable to warm
transfer lines prior to
transferring waste to
reduce potential for solids
precipitation.

Temperature of water
added to tank 241-AW-101
and the 241-AW-101
transfer pump shall be
adjustable from ambient-
60 °C (140 °F) while
delivering the maximum
flowrate (cooling
capability not required).

The maximum allowable
waste temperature is 90 °C
(195 °F). A maximum
temperature of 60 °C

(140 °F) allows the
transfer pump to empty
the tank without cavitation
(see Attachment 3).

Provide heating capability -
in dilution water system
for tank 241-AW-101.

11, No need was identified
for addition of NaOH to
241-AW-101.

Remove caustic addition
requirement from W-211
scope for tank
241-AW-101.

There are no plans to add
caustic to the waste in tank
241-AW-101. The
241-AW-101 waste is
within corrosion
specification and will
remain in spec after .
addition of dilution water,
See Attachment 5.

none
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Figure 1. AW-A and AW-B Manifold Layout Sketch.
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Figure 1a. Alternate AW-A and AW-B Manifold Layout Sketch.
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Figure 2. Tank 241-AW-102 Central Pump Pit Jumper Layout Sketch.
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Figure 3. Central Pump Pit Configuration Sketch.
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Attachment 1 (Sheet 1 of 2)

CALCULATION SHEET : Page |_of |
RevisionNo._(3 __
Task No. 330
Date: Ma
By: BB Pefers:
CheckedBy: Whwilhs

SUBJECT: _Calculation of maximum heatup rate from operation of two mixer pumps
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Attachmem-l (Sheet 2 of 2)

Author: “Onishi; Yasuo” <yasuo. omshx@pn] gov> at ~EXCHANGE

Date:  4/20/98 1:57 PM

TO: Brian B Peters at ~HANFORD21E

Subject: RE: Status of DST mixing/waste transfer modeling work
Message Contents

Brian:

We completed AP-102 and AP-104 pump jet mixing modeling. We assumed
that there will be no yield strength of the disturbed mixture of AN-105 solids
and diluents. We selected for test cases; 25% and 180% dilution by water with
and without solid dissolution effects as starting conditions.  For the 25%
dilution case, the mixing was predicted to be very quick , within tens of
minutes. For 180% case, it will take a little over one hour to fully mix the
waste. We made these simulation results into video tapes and John Van Beek has
acopy. Ifyou are interested in, I will show you the video tape. We may
repeat these cases when we get a yield strength value of this disturbed mixture
of AN-105 solid and diluent in the later part of FY98.

We are now setting up our chemical model as 2 part of the AN-105 pump
jet mixing. After confirming our chemical model results, we will conduct pump-
jet mixing modeling of AN-105 tank with chemical reactions occurring during
the mixing. Iam assuming that (i) gas is already removed from AN-105 salt
cake, and (ii) the supernatant liquid of AN-105 is decanted and the tank was
filled back with water, as a starting condition for the AN-105 pump jet mixing,

I'was not asked to conduct degas modeling with pump jet mixing, so I
assume the degas process will be assessed in some other ways. One way to degas
would be to use short bursts of jets to mobilize only a portion of the salt cake
at a time to avoid a large gas release. It will take a long time for the
solids resuspended dufing the degas process to settle down so the supc'nate can
be decanted, I suspect.

Yasuo

1 . ' 51298 YONISHLMSG
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Attachment 2 (Sheet 1 of 15}

Requirement Basis
241-AW Primary Ventilation Stack Effluent Monitoring Upgrade

Issue Description:

The 241-AW primary v_e}{tilation stack (296-A-27) is currently designated as 2 minor stack under
the site air permit thuq' it has not been required to meet NESHAP requirements (40 CFR 61,
subpart H) for continuous emissions momtonng The environmental permit groups from both
LMH and WMH agree that under a review such as part of a Notice Of Construction (NOC), this
stack is likely to be redesignated as a major stack. The current stack would not be compliant with
NESHAP monitoring requirements.

The criterion for designation of aneffluent discharge stack as minor or major is whether the
potential for unabated discharges could result in an off-site exposure of 0.1 mrem/yr. Previous
modeling for 241-AW's current designation as a minor stack identified an exposure potential of
0.04 mrem/yr. Recent and ongoing changes to the air standards would probably revise the current
241-AW primary stack calculations to exceed 0.06 mrem/yr under current conditions. The
consensus among the environmental permitting groups is that the Department of Health is very
Tikely to consider the 241-AW primary stack as a major stack even under the cusrent conditions
(safe storage & evaporator support). Increased activities, such as mixer pump operation and WFD
transfers, would provide additional rationale for a major stack designation.

As a major stack, the monitoring requirements will be increased. There are 2 number of existing
projects which could include the scope to upgrade this stack but none appear to have identified it
explicitly. Project W-314 will be replacing the entire 241-AW ventilation system during phase 2 of
that project. The W-314 CDR shows the schedule for completion of all phase 2 AW farm
upgrades as 12/2003. Tank AW-101 is scheduled for retrieval in 3/2003. Project W-211 will
provide for modifications to AW-101, including installation of the mixer pumps, by 7/2002. The.
NOC for this aspect of Project W-le will likely identify the potentxal ventilation emissions as
exceeding 0.1 mirem/yr,

There is another project (W-420) which is installing fully NESHAP-compliant stacks on the
ventilation systems for four DCRTs (244-A, 244-BX, 244-S, 244-TX), 244-CR Vault, 241-8X
exhauster, and the exhauster for tanks C-104/C-105/C-106. Initial indications are that the design
from this project could be readily applied to 241-AW. Based on cost estimates prepared for
‘W-420, installation of a NESHAP-compliant stack at 241-AW would cost $100,000 to $250,000.

- Project Ownership Issue:

There is a potential ownership issue (WFD/Operations) because cutrent operations (safe storage,
evaporator support) in 241-AW may result in the redesignation of the stack without considering
impacts from WFD activities. However, upgrades to 241-AW in support of WFD will probably be
the actions that trigger a formal redesignation of the stack, and even if ongoing operations did not.
exceed 0.1 mrem/yr, the additional WFD activities would probably cause this limit to be
exceeded, atbeit for a temporary period.

1 i 516798 AWVENT.APP
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Timecycle/Schedule Issues: .

The time required to prepare an NOC and get it approved can take'6-9 months. Installing, testing
and operation of new monitoring equipment could add 3-6 months to the upgrade and compliance
process. The earliest need date depends on when the need for review and stack designation is
triggered (e.g., by preparation of an NOC for changes to current system design or effluent
sources). Project W-314 will be making upgrades to the AW valve pits early next FY. It is not
clear whether the NOC for this work would trigger the ventilation system review. The next
activity to trigger an NOC review is likely to be project W-211. The W-211 design for tank
AW-101 is scheduled to start in 1999 with construction complete by 6/2002.

ATTACHMENTS .

- H-14-020102 Ventilation Tank Primary System (VIF) Stack Monitor P&ID

H-2-74896 296-4-27 Stack Monitor Installation

BNF-SD-W420-CDR-001, pages 4-14, Conceptual Design Report for Project W-420, Stack
Monitoring Upgrade, Project Description

2 51698 AWVENT.APP
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ipig :

244 Y Y Y R Y Y

244-BX Y Y N R Y Y
" fauacr Y N Y M Y Y

244-5 Y Y N R Y, Y

244X Y Y N R ¥ Y

241-C Y Y N "R Y Y
1 jaesx y. | ¢ ¥ R . ¥ v

Y =yes Notes: 1) M=modify existing,

N=no 2)R=replace

3.1 Gaseous Effluent Monitoring System

A GEMS will bejnstalled at each exhaust stack to monitor and trend the concentration of |
radioactive materials released to the environment, The syster will extract a representative

. sample; measure and totalize stack velocity and flow sate; measure, control, and totalize sample
flow rates; and monitor the sample flow to determine air emissions. Each system shail contain the
following equipment as required for the individual stack: ’

Tnstrument Cabinets,

Stack Flow Instrumentation,

Sample Collection System,

Particulate Record Sampler,

Particulate Beta-Gamma Continuous Monitor,
Particulate Alpha Continuous Monitor,
Sample Flow Instrumentation, ~

Data Collection System, and

Vacuam System,

e e o e 4 s e o

Design of the air monitoring and sampling systems for Project W-420 is based on specifications
provided by WHC-S-0400, Procurement Specification for the Gaseous Effluent Monitoring
System (White 1995). This specification establishes the requirements for design and fabrication of
a generic GEMS and will be modified to meet stack-specific requirements for this project. The*
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following provides a general overview of the equipment and details of the various components. In
. general, the GEMS &onsists of in-stack sample probes, three instrument cabinets that house
- associated elemrorﬁés‘and sempling systems, and in-stack instr on (humidity, terap -
and flow).

3.1.1 Instrument Cabinets

The 2ir sampling and monitoring systen{ is provided in three separate cabinets: a sampler
cabinet, an electronics cabinet, and a pump cabinet. The cabinets are weatherproof and
maintain & controlled environment as required for equipment and instrumentation.

The electronics and pump cabinets contain the support equipment for the sampling system’
and are.provided by the vendor on 2 34 inch (86 cm) by 70 inch (178 cm) skid witha
weather shield. The sampler cabinet contains the equipment to analyze the air sample
taken from the stack and is mounted on 2 platform adjacent to the exhaust stack at the .
sample probe Jocation. This location Is based on Jocating the sampler cabinet as close to
the sample source 2 practical to minjmize the loss of sample paticles in the sample
transport line between the probe assembly and the record sampler, The electronics and
pump cabinet skids are located as close a5 practical to the sampler cabinet.

.The fo'llowing data displays are provided on the Jocal cabinets:

Stack flow rate,

Stack gas temperature, .

Individual sampler/monitor flow rate, an .

Other indications and readouts as determined appropriate by the véndor, with
customer approval. An alarm for high radiation consisting of 2 ringing bell and
rotating red beacon is located on top of the electronics cabinet.

PRI

3.2 Stack Flow Instrumentation’

Airflow sensing probes are provided to monitor stack flow rate. The probes are mounted
on removable flange assemblies to allow removal for inspection and maintenance. The
sensing probes are positioned perpendicular to the direction of flow and are either self-
averaging pitot or thermal anemometer type probes. Ifa pitot-type probe is used to
measure flow rate, 2 temperature probe is 2lso installed in the stack to provide
temperature information necessery to interpret the flow rate. Design of the airflow
sensing probes and temperature probes (if required) will be performed by the GEMS
vendor, based on the stack-specific requirements in the procurement specification.
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The sirflow sensing probes are positioned in each stack in accordance with the appropriate
40 CFR 60, Appendix A method. Airflow sensing and sample probes are located in the
same plane for Stacks 296-C-5, 296-8-15, and 296-P-16 as these stacks are greater than
12 inches in diameter. Stack veloc:ty is measured downstream from the sample probes for
Stacks 296-A-25, 296-T-18, 206-B-28, and 296-S-22 because these stacks are less than
12 inches in diameter and locating both probes in the same sample plane would block 2
significant portion of the cross section and could cause inaccurate measurements.

Calibration ports are necessary to allow periodic flow rate verification. The calibration
portsare positioned in accordance with the appropriate 40 CFR 60, Appendix A method,
to prevent encountering obstructions from other probes, Calibration ports will be
provided on new Stacks 296-A-25, 296-S-15, 296-P-16, 296-8-28, 296-8-22, and 296-T-
18. For stack 296-C-05, modifications to the existing stack will be made to add the
necessary calibration ports.

3.i.3 .Sample Collection System

" Td

‘The transport piping and sample collection probes for paiticulate rad
are designed and fabricated by the GEMS vendor in accordance with the requirements of
document WHC-SD-EN-T1-288, F /s D  for Measuring
Emissions of Airborne Radioactive Materials (Cnddle 1994} and the appropriate
procurement specification. The probes are mounted on removable flange assemblies to

allow for inspection and maintenance,

Sample collection probes are pos‘xﬁoned in each stack in 2ccordance with American
National Standards Institute (ANSI) N13.1 and 40 CFR 60, Methods 1 and 1A. The

-sample extraction location will be qualified according to the performance criteria specified

in WHC-SD-SD-WM-T1-288 (Criddle 1994). Qualification of the sample location for the
new stacks canbe done by mocking up the stack in the shop and performing the test prior
to delivery. For the stacks being modified, the test wilt need to be performed after stack
modifications have been performed, .

The sampler cabinets are mounted directly on the work platforms adjacent to the exhaust
stacks, This design is utilized to minimize the loss of particulates in the sample lines by
assuring samplé lines-are as short as practical, the number of bends are minimized, and
horizontal runs of sample lines are avoided. The size of the transport line for each stack.
will be determined by the vendor. The sampler cabinet is heated to maintainthe -~
electronics at the proper operating temperature and to prevent condensation from forming
in the sample lines. In the sampler cabinet, the sample flow stream is split and one stream
flows to the record sampler and the other flows to the continuous in-line beta-gamma

CORPORATION.
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sample hcad ﬂe flow rate of each sample stream is controlled separately.

The sample transport lines are recombined in the Sampler cabinet and routed to the pump °
cabinet where the vacuum pumping sources are Jogated. Sample return pxpmg is provided
from the pump cabinet to return the extracted sample to the stack. The size of the return
line for each stack will be determined during final design (normally % inch).

Sample probe, sample transport piping, and sample return piping will be fabricated from-
type 316 stainless steel. All tubing is seamless construction with material composition per
American Society for Testing and Materials (ASTM) A269,

314" Particulate Record Samp!er

The particulate record sampler is located in the sampler cabinet. The particulate record
sampler collects a sample of particles onto a standard 47 millimeter (mm) membrane filter .
paper for future radionuclide analysis at a Iaboratory. A record sampler is required to

meet the requirements of 40 CFR 61 Subpart H which requires that “all radionuclides

which could contribute greater than 10 percent of the potential effective: dose equivalent

for a release point shall be measured.”

Performance of the particulate record sampler shall be verified and documented by Gn

“order of preference): 1) 2 field acceptance test, 2) laboratory wind tunnel testing, or 3) the

verified model (Criddle 1994). Performance requirements for the record sampler and
sample probe are zs specified in WHC-5-0400 (White 1995) and WHC.SD-W420-FDC-
001 (Lott 1996). :

315 Particulate Béta-G Conti: Mont

The perticulate beta-gamma continuous monitor in-line sample head is located in the
sampler cabinet, The counting electronics are located in the electronics cabinet, .A locat
alatm on top of the electronics cabinet is provided for stack high radiation, The alarm
includes 2 ringing bell and rotating red beacon. Auxiliary contacts are provtded for two
remote indicators, if desired; one for hxgh radiation and one for contmuous air monitor

(CAM) failure.

The criteria for the need of & continuous on-line beta-gamma monitor is the graded
approach to the application of sampling and monitoring outlined in WHC-SD-WM-T1-288

- (Criddle 1994). This graded approach is reproduced below in Table 2 where it canbe

seen that real-time monitoring is required for Potential Effective Dose Equivalents
(PEDE) greater than 1.0 mrem/yr.

CORPORATION
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1 .
dtim itoring with alarmn cap id of separate
accident monitoring system.
2 " | Continuous extractive ssmpling for recond of emissions, with >0.1and <1
retrospective, off-ine periodic analysis.
3 - Periodic confirmatory extractive samplin‘g and off-line analysis. ;o.QOI and £0.1
4 Annual administrative eview of facility used to confirm absence of i £0.0001
dioaeth jals in forms and quantitics ot ing to preseribed
specifitations and limits.

Six of the seven stacks within the scope of Project W-420 have PEDEs gréater than 1.0
mremy/yr of which the majority are beta-gamma emitters. For this.reason, a continuous
beta-gamma monitor is required for the following stacks: 206-A-25, 296-B-28, 296-C-05,
* 296-P-16, 296-5-15, and 296-S-22. However, to provide flexibility for process changes
such as the use of the DCRTs for retrieval, a continuous beta-gamma monitor is also
recommended for Stack 206-T-18. Tables 3 through 9 contain information from WHC-
SD-WM-EMP-031 (Crummel 1996) on the total PEDES for the ‘seven stacks and the
individual radionuclides which provide greater than one percent of the total PEDE.
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5137 slpha %

Pu-2392240 alphs 23.5% 131

Am-241 alpha 28% 0.16

Pu238 sipha 1% 006
|otescan WA 1.5% . 008

Totat NA 100% 558 -

‘Table 4. PEDE for
= ¥

TR

5

Am241 slphs 37.4% 0.969
Pu-239/240 alpha 10.6% 0215
Sc-89/50 | beta-gamme 9.0% 0233
129 beta-gamme 43% o1
Others (<1%) NA . 1.1% 0027
Total WA, 100% 2.590
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Table s, I‘EDE for Stack 296-C-05

B ;ﬁ%ﬁﬁw

. s%f:& e TR e

8r-89/50 ‘beta-gamma 82.3% 154.00
Am241 slpha 106% L1980

[ pe23omao alpha 48% 8.53-
Cs-137 beta-gemma 16% 292
Others (<1%) A 07% . 138
Total NA® 100% 187.0

" Table 6, PEDE for Stack 296-P-16
St 18

424%
Cs-137 beta-gamms 39.2% 0.66
Sr85K0 beta-gemma 83% 0.4
Am241 alpha 9% 0,10
1126 beta-gamma 3.5% 006
Others (<1%4) WA 0.7% 0.01
Total WA 100% 168

Others (<1%)

Total

1.570
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R e :

5039/50 beta-gamma 16.1%

Cs137 beta-gamma 354% 24.57
Am241 slpba 17.1% 1186
Others (<1%) NA 14% 101
Total WA 100% - 694

Truassrzao alpha 553% 021
Teens beta-gamma 23.7% 009
' Am-241 alphs T onow 0.08
Others (<1%) WA : <0.01% <0.009
Total NA T 0% S

3.1.6 Particulate Alpha Centinuous Monitor |

It is recommended (but not required) that continuous alpha monitors be used on those
stacks where >50 percerit of the PEDE comes from alpha emitting radionuclides. A
continuous alpha monitor would prevent 2 large, predominantly alpha emitter, release
from going undetected until the periodic record sample is analyzed. Reviewing Tables 3
through 9, stacks 296-S-15 and 296-T-18 would be recommended for continuous alpha
monitors, Stacks 296-8-22 and 206-T-18 are presently monitored continuously for
particulate alpha activity while the others are not, There are provisions for installation of

 2lpha monitors in the GEMS.

3.7 Sample Flow Instrumentation

Instrumentetion is provided to record and control the record sampler and continuous
monitor flow rates, including provisions for totalizing the flow between filter changes. An

CORPORATION
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probes.

adjustable alarm Set point for sample low flow rate is provided. Auxiliary contacts are

. provided for femote mdxcanon, if desired, when sample flow rate deviates beyond rcquxred

tolerances, ‘,.
3.1.8 Data Collection System

The Data Collection System shall have a standardized communications interface with the

_ existing host computer for the transfer, on command, of recorded values,

The Data Collection System shall record and store stack flow rate, stack temperature,
stack relative hurmdxty, record sampler flow rate, total stack flow, and total record

sampler flow since the Jast filter change-out. The beta-gamma monitor shall have its flow
rate and readings stored periodically. The data storage shall have & method of data
transfer for archival purposes. The transfer media shall be PC compatible.

‘ The Data Collection System shall have a method of transferting data during filter change~

out. The record sampler flow readings and total flow, the stack flow readings and total
flow, dnd the date and time of the starting and ending data points shall be the minimum
information transferred. The transfer media shall be PC compatible.

319 Vacuum System
A vacuum system is located in the pump cabinet. The system provides a steady, non-

pulsmg, vacuum source over a range of operating conditions from the maximum and
wminimum design values of the samplers based on the required collection efficiency. Two

. vacuum pumps are provxdcd for redundancy

Ea.ch particulate samphng line hasits own flow regulatmn The vacuum supply to each
sample line is adj: and regulated s0 that individual sample flow rates

are maintained. Components can be isolated individually by isolation valves prov:ded

The individual vacuum exhaust lines are combined in to a single return mamfold. The
combined return manifold.is connected by field piping to the stack downstream of
sampling ang velocity probes.

Stacks

. An analysis was performed to determine the ability of the existing stacks to accept the required

The decision to use an existing stack configuration or to replace or momfy astackis

based on the ability to provide satisfactory locations for sample and flow sensing probes. The
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- Iocations for the sample extraction and flow sensing probes have been chosen in accordance with
ANSIN13.1, the appropriate 40 CFR 60 Appendix A method, and WHC-SD-EN-T1-288
(Criddle 1994). An éxisting stack is used when the probe mounting location(s) satisfy the
applicable criteria. New stack extensions, modifications to existing stacks, or replacement stacks
are specified when the existing probe locations do not satisfy the appliceble requirements.
Appropriate modifications are described for each stack.

The Jocations for flow sensing probes were chosen to satisfy the requirements of the appropriate

_| 40 CFR 60 method, Method 1 for stacks greater than 12 inches in diameter, and Method 1A for
stacks Jess than 12 inches in diameter, Following installation in the field, an initfal stack flow

_sensor verification test will be performed in accordance with 40 CFR 52 Appendix B, When
practical, flow sensing probes are located in the same plane as the sample probes.

The locations for sample probes were chosen in accordance with the guidence of ANSIN13.1 and
the requirements of the appropriate 40 CFR 60 Appendix A method. In general, these Iocations
smust not exhibit angular or eyclonic flow and must provide acceptable uniformity of contaminant
mixing. Specific performance criteria for sample extraction locations is provided by WHC-SD-
EN-T1-288 (Criddle 1994),

Testing (shop or field) will be performéd to qualify the sample exiraction locations according to
the performance criteria of WHC-SD-EN-T1-288 (Criddle 1994). The velocity profile at the
sample location will be measured in accordance with 40 CFR 60 Appendix A, Method 1, Section
2.4, “Verification of the Absence of Cyclonic Flow.” Satisfactory contaminant mixing will be

* demonstrated in accordance with the methods described in WHC-SD-EN-T1-288 (Criddle 1994), ,
Section 3.3, “Methods for Qualifying the Sample Extraction Location.”

An assumption has been made that locating sample probes in accordance with the ANSINI3.1
and 40 CFR 60 Appendix A will result in sanriple locations that satisfy performance criteria of
WHC-SD-EN-TI-288 (Criddle 1994). The validity of this ption will be d rated by
shop or field testing. When the existing sample locations are in accordance with ANSI N13.1 and
40 CER 60 Appendix A, the sample Jocation will be qualified by field testing after performance of.
any additional stack modifications. .

Several of the existing stack designs utilize flow straightening vanes because the stacks have
tangential inlets which tend to induce swirling. An assumption has been made that flow
straightening vanes will not be required with the new stack extensions. However, removable
spool pieces are provided to allow installation of flow vanes if testing indicates unacceptable flow
conditions at the sample extraction ocation. .

* As mentioned previously, the decision to replace or modify.a stack is based on the ability of the
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stack to.provide satisfactory probe locations. An assumption has been made that the existing
stack heights providé adequate dilution and dispersion, Tt was not within the scope of Conceptuzl
Design for Project W-420 to verify that existing stacks satisfy requirements for dilution.and .
dispersion of contaminants. Therefore, the original stack height is used 2s the minimum height
for new stack extensions. This should be confirmed early in Definitive Design or in a separate
study. :

. Preliminary calculations indicate that several of the existing stacks have low stack discharge
velocity that may result in extensive downwash along the stack. Itis recommended that a
separate study be performed prior to detailed design of new stack extensions to ensure the stack

. effluent escapes the.zir flow patterns surrounding adjacent buildings and provides adequate
ditution and dispersion of contaminants to prevent an unacceptable situation when the effluent
reaches the ground, :

33  Utilities

Electrical power for the stack monitors will be provided from the same panel boards that supply
the existing stack monitors, Existing conduit will be utilized to the maximum extent practical. All
electrical materials and equipment shall be UL or FM tested, with labels attached, for the purpose
intended, whenever such products are availeble. Installation methods shall be in accordance with
manufacturer’s instructions, NEPA 70, and with other applicable requirements. A.30 A, 120
VAC, single phase power supply is required for. the stack monitors. The single feed connects with
2 power distribution panel in the pump cabinet supplied by the stack monitor vendor, Distribution
from the pump cabinet to the sample cabinet and the electronics cabinet will be performed through
_short runs of galvanized rigid steel (or flexible seal tight) condit.

34  WorkPlatforms

‘Work platforms are provided for routine access to the sample cabinets which are Jocated next to
the sample probe location. The work platforms shall have guardrails and toe boards that conform
to 29 CFR 1910.23(c), and ladders that conform to 29 CFR 1910:27. Conceptual Design allows
for a 60 degree pitch for the Jadders. A safety chain will be provided at the access to the
platform.
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Lo Revision No,
Task No. mﬁi—%i)
Date:_May 12, 1998
By: BB Peters.
Checked Byt wils @
SUBJECT: Calculation of Maximum Head for AW-104 Pump

Assumptions: 1) maximum. waste deﬂs.”a B L4 g/ml-
2) Line of)ead-{ PreSSL(re is 230 FS;

. 3) SC,"' 'W\Axl.mu\m. ‘\ecuj e—?“ﬂf “}0 “he Oéefa%lg

pPressure :

ZS,OILI wml 14530 9] i 2 -
m? l).‘[al th ‘alzggﬁw‘} “jg_-f:‘ = 3719 €f head

N8
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22-141 50 SHEETS
22-142 100 SHEETS

2}

22.144 200 SHEEYS

A 1 £l QY 1 £4
AEACTHIICTIC D (SBIKCU T U &)

CacurAron SueeT Page & of B -

Moy 19, 199%

By Wl wWills
Cnecled By SR Deckers %

Subjeck :  Comparieon of Tank 2eH - Aw- 1l 'unmksmje%—me
covTodoNn § catiorn Lov undavoron vrGe
Sk, pea&t -Qo & R\
1. Corrosion S?eé..&"u;(-\én
{or temperatures T4 WMFUppe)

Ao 16 [NOD] comcerbraion £21.8M
LoH™]  concentraiion  gipigM & Lonl & S5oM
[No, ] comcentrabon ggliM £[NO1£55M
[Noy 1 /(fon"] +{NoT) <& 2.5

B. 1§ [NOJT comedrabion  AgM < [NO;T £3M
(OH™] concentration p’.i([Nog])é. [ORT < iBM
[on"] + (NO] Z p4(INosT)

- C. . it (N 0_{] concentration > 3.4M.

{ov] come;wk‘x\’lbn_ s3M LlonJzIBM
[on"J+ (NO, ] > 12M
NO, T =55M
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22-141 50 SHEETS
22.142 100 SHEETS
22-144 200 SHEETS

&3
N

Attachment 5 (Sheet 2 of 4) PAqe 2 °§ 3

Compavison o Tank 2d1-AW- g1 contents Yothe Corrosion

Specifieation %o\f undergyouind storaae 1aks. (continved)

I, The woker Survey der Tk 241~ AW-1GB1 w Apperdix, D

il thes e, Speaes | for Yhe
t';/‘gge,.‘ 333’;’&@2“%% :Y&\c\ waske ,Pa\:luwc -t)L'\’\A .
25, 83, and 15% ove ihcluded in -the wWaker sundey.

A. Uno(t(_ta{u{ Waste 7-- VoL\-\‘v'v\e» = (%0651 b/
O = 31138 kafuwr, NOJ= (5220 kyfir, NOJ= 12224 leawi-
cov\\/ev-l-\'vxg-’(o vwolavzh‘) (.M°%>

5fl73$ Ke M 188G 0 x A = S.ZM 2£1—. ‘-—(SH;
73" rzodx 72;—% LBE51L 5 _

c.zzw_%,sﬁ@\«x Wy W L 40 No~

M
Ky st -
. Ky g wol (g4 s = . o
% 2 T % :_:m._/bwml/ 32M N 2

Condibiom ¢ 15> wmet with undiuded waste

B. 15% d;lu{’{m —  Volume = 84623 L/hr
OH™= 317147 k%/w, No; -"L.>-57:L‘;b Laé/wr, Noy = 12367 ‘Oé/hr
Covwezvﬁns »{—b w.o[o.i«-(—x,) i

a7 Ky wel ¢ 1fEEey e 2 26M oHT
%‘ 17 = n%x TZSKM-G’L%L 26M o

.%7228 Y2y mol | s, W = |LM NOS :
g e Aog < fey * BemL W2 T g

k Wl 2% e _ -
B30T L2 X gze "/"E% *ahcanL = 2 OM NS

Condibion B 1o mer with waste diluked \0\/ 25%%
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22-141 50 SHEETS
22.142 100 SHEEYS
22-144 200 SHEETS

&
s

P B )

Comgo\n:bon °Si Tank 241- AW-180 conkents 4o tne Corrosion
speci Qieation for underaraund  eroraae tanks. (Covx'HV\Ued)

G BHo%h A[l_w\'\c‘:ﬂ — Velume = |p1.63 b/v\r.

O 51978 Kajhr, NOJ = (3228 ¥fnr, NOJ = 250 Kefui
c/oV\VfA(-f;v\a3 +o W\G\o\‘(.&\‘

579970 ks sl x I e . 20M OH
q .;;E;,x ﬁé—xﬂkfxx sl 22__...0
222 ko wd 1Py b o 1M NOS

e L{(acb ”“c * P L

BRGB e gy M x e 2.1 M nop

Cov»d&\tm B e w\e{' with Wo.fért Al uEA b»( YA

D. 75% Jrlu‘(’laﬂ — \Volume = ||18a% L/m»
cévx\/er-f{ns-\ro Mw[a\;t\—v( OW™= 240278 =, Mo (,52—L¢Eﬁ; Neg- 5353‘33

33029 K& Wel 1§ IO K
\E \"l%x .-K-ﬁé)r X n%‘mL. LAM on
v (o%m_—fﬁx el opgRy .2M NO~

ETT TS TENCYES

\’b%%’x/cl‘ \gge - — -
A %,{;—b—%—x‘(‘ﬁm— \.%MMos_‘

Oo’\nécho'n% 5 wet w"(‘b\ woste Aduded by T
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7.2 UNDERGROUND STORAGE TANKS SPECIFICATION

7.2.1  TANK COMPOSITION

7.2.1.A ~ Temperatures (T <212°F)

Variable Specification Limit

For [NO,} <1.0M:

[OH} : . 0.010M <[OHT <5.0M
NO,] . . 0.011M <[NO;1 <5.5M
[NO;J([OH] + INO]) <2.5

(for solutions below 167°F, the [OH-i limit is 8.0M)
" For 1.0M <[NO,}.<3.0M:
[OH]) 0.1 (INO;1) <[OH] <10M
[OH] + [NO;] 20.4 ((NO,T)

For [NO;] >3.0M:

for] ' 0.3M <[OH] <10M
[CH] + [NO;] >12M
NO;] <5.5M

7.2.1.B  For High Operating Temperatures (T >212°F for AY and AZ tanks) - section 7.2.1.A temperature
limits apply with the ption that OH" ion must be <4M.

SDT4151-00007
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