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SAFETY EQUIPMENT LIST
FOR TANK 241-C-106 WASTE RETRIEVAL
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WHC-SD-WM-SEL-033, Rev. 1

EXECUTIVE SUMMARY

This supporting document (SD) is produced in support of
WHC-SD-WM-PSE-010 (Conner 1994). According to DOE Orders and WHC procedures,
Safety Classifications are required to be designated for systems, components;
and structures for all nonreactor facilities for which Safety Analysis Reports
(SARs) or Safety Assessment Documents (SADs) are prepared.

The C-106 Waste Retrieval Sluicing System (WRSS) components.are
classified on the basis of safety functions they perform and consequences of
failure of a system to perform its safety function in accordance with “Safety
Classification of Systems, Components, and Structures,” MRP 5.46, Management
Requirements and Procedures, WHC-CM-1-3; and Section 9.0 "Assigning Safety
Classes to Systems, Structures, and Components," of Safety Analysis Manual,
WHC-CM-4-46.

Characterization data for Tank 241-C-106 indicate that the waste
contains fissionable material. Radionuclide concentrations for C-106 and Tank
'241-AY-102 are reported in Appendix E. This data has been used as the basis
for source-term development and accident consequence analysis. Effective
Dose Equivalent (EDE) values were developed for onsite and offsite doses based
on consequence analyses for various accident scenarios. These were used to
produce the C-106 WRSS Safety Classifications.

The WRSS consists of two transfer lines that would connect the two
tanks, one to carry the sluiced waste slurry to AY-102, and the other to
return the supernatant liquid to C-106. The supernatant, or alternate fluid,
will be used to mobilize waste in C-106 for the sluicing process. The
equipment necessary for the WRSS include pumps in each tank, sluicers to
direct the supernatant stream in C-106, a slurry distributor in AY-102, HVAC
for C-106, instrumentation and control devices, and other existing components

as required.

The Safety Classifications of the existing systems that are.used in
support of WRSS operation are based on the Safety Equipment Lists (SELs) for
Single-Shell Tank (SST) systems, Aging Waste Facility (AWF) systems.

iiid




WHC-SD-WM-SEL-033, Rev. 1
Section 4.0 of this document provides justifications for Safety
Classifications of the WRSS. Safety Classifications for WRSS, and the

existing C-106 and AY-102 systems are given in the following summary tables:

WRSS Systems List and Safety Classification

saf SC Justifications
afety
New S
ew Systems Class Section of Table 1,
(sC) this document (a)
Safety systems
Sluicing waste transfer system SC-1 4.1 1,10,15
. Seismic switch SC-1 4.1.1 15
° Primary transfer pipes from and to SC-2 4.1.2 2
tanks
. Secondary transfer pipes from and to sc-3 4.1.3 3
tanks (b)
° Slurry distributor sc-3 4.1.4 3
. Syphon protection SC-3 4.1.5 3
. Waste transfer pits sC-1 4.1.6 1
. waste transfer equipment (pumps, . sc-3 4.1.7 3
valves, pipes, flanges, etc.) in pits
. Raw water supply and transfer line sC-3 4.1.8 3
flushing system
. Compressed Air System sC-3 4.1.9 3
Ventilation system SC-1 4.2 1
. Seal loop SC-1 4.2.1 1
. Carbon dioxide injection system SC-3 4.2.2 3
) Recirculation and prefiltration SC-3 4.2.3 3
system
. Chiller skid SC-3 4.2.4 3
. Exhaust skid SC-3 4.2.5 3
Ventilation exhaust radiation monitoring system SC-3 4.3 3
(Continuous air monitors and record samplers)
In-tank imaging system SC-3 4.4 3
Instrumentation Control System Sc-3 4.6 3
AC power : SC-3 4.5 14
Equipment Removal System sC-3 4.7 3
. Water washing, CO, decontamination :
: SC-3 4.7 3
equipment SC-3 4.7 3
. Flexibie receiver system SC-3 4’7 3
. Strongback system sC-3 4'7 3
. Equipment storage container .
. - SC-3 4.7 3
. Container transport trailer
(a) Safety Classifications (Table 1, Section 9.0 of WHC-CM-4-46)
(b) Secondary transfer pipe (encasement or outer pipe) will meet applicable SC-2 QA and

structural/seismic requirements, similar to primary transfer pipe.

AC = Alternating current
EP = Engineering Practice
SC = Safety Class

iv



WHC-SD-WM-SEL-033, Rev. 1

Tank C-106 Existing Systems List and Interim Safety Classifications.
Safet SC Justifications
Existing system descriptions arety
9 sy P Class Section of Table 1,
(sc) SST ISEL(b) (a)
Safety systems
Primary dome and tank : SC-1 4.1.1, 4.2.1 1,2
Active ventilation system SC-3 4.1.2 3
. Exhaust duct headers SC-3 4.1.2 3
. Exhaust fan, HEPA filters SC-3 4.1.2 3
. Steam or electric preheater SC-3 4.1.2 3
© Process condensate drain with seal pot SC-3 4.1.2 3
. Air inlet filters sC-3 4.1.2 3
Active ventilation exhaust radiation monitoring system SC-2 4.3.4, 4.7 19
. Continuous air monitors sSC-2 4.3.4, 4.7 2
. Record samplers SC-2 4.3.4, 4.7 2
Tank temperature instrumentation [10SR]* 4.3.1
. Thermocouplies . [T0SR]* 4.3.1
Tank liquid-level instrumentation [10SR]* 4.3.3
o FIC [10SR]* 4.3.3
. Manual tapes SC-3 4.3.3 3
Tank leak detection instrumentation SC-3 4.3.2 3
. Dry wells ] SC-3 4.3.2 3
) Support systems
. AC power(c) [10SR}* 4.4.3
- Active ventilation system SC-3 4.4.3 3
- Temperature monitoring instrumentation [10SR]* 4.4.3
- Liquid level monitoring instrumentation [10SR]* 4.4.3
- Leak detection monitoring instrumentation sC-3 4.4.3 3
. Compressed air sC-3 4.4.4 3
- Instrument air supply to sC-3 4.4.4 3
monitoring instrumentation
. Raw water supply sC-3 4.4.5 3
. Area radiation monitors{d) sC-3 4.4.1 3
Fire protection system SC-3 4.5 22

(a) Safety Classifications (Table 1, Section 9.0 of WHC-CM-4-46)

(b) Single-Shell Waste Tanks Interim Safety Equipment List (SEL) (Kidder 1993b)

(c) The AC power is classified according to its safety support function and not to its source
or distribution. Classifications provided are only applicable to the tank farm fence line.
Classification of offsite sources and distribution networks is beyond the scope of this
document.

(d) ARMs are being removed

AC = Alternating current

EP = Engineering Practice

FIC = Food Instrument Corporation .

HEPA = High-efficiency particulate air

SC = Safety Class

[10SR]": The notation [IOSR]" has been designated for those systems, components, and structures

M Sl I M IR 3 Sar SarS S el B w0 S b

important to health, safety, and environmental protection, but, for which current analyses
are not sufficient to establish the Safety Classification. Such items shall be treated as
Safety Class 3, with additional designation as Operational Safety Requirements (OSR)
related. The additional OSR designation will ensure the priority and funding for continued
operation and maintenance of these items consistent with OSR requirements (I0SR where
applicable).

The [I0SR]" Safety Classification will be replaced to be consistent with the requirements of
MRP 5.46, as analyses are completed to establish definite Safety Classifications. In the
interim, approval requirements shall include Nuclear Safety and Quality Assurance (SQ), as
a minimum, and Environmental Assurance (E) where deemed appropriate.
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Tank 241-AY-102 Systems List and Interim Safety Classifications.

(Sheet 1 of 2)

SC Justifications

Safety
Existing system descriptions C}g;i Section of Table 1 (a)
AWF ISEL (b)
Tanks (241-AY-102) SC-1 - 10
. Primary tank SC-1 4.2.1 10
. Secondary tank, refractory support pad, SC-1 4.2.2 23
concrete structure
. Secondary tank leak detection system SC-3 4.3.6 -
Waste Transfer System SC-1 4.2.3
® Primary tank and secondary inter tank SC-1 4.2.3.2 10
transfer pipes
° Waste transfer system pits/boxes sc-1 4.2.3.3 1, 12
e Waste transfer system pits/boxes equipment sC-3 4.2.3.3 3
(pumps, valves, pipes, flanges, leak
detectors, etc.)
Primary tank ventilation system (A-702 Building) (c) sC-2 4.1.3 2
. Ventilation duct work sC-2 4.1.3 2
. Seal loops SC-2 4.1.3 2
. Deentrainers, condensers, heaters sc-2 4.1.3 2
° Exhaust fans SC-2 4.1.3 2
Backup ventilation system (A-702 Building) (c) SC-2 4.1.4 2
. 112-m*/s (4,000 ft’/min) exhauster SC-2 4.1.4 2.
. Ventilation duct work SC-2 4.1.4 2
Annulus ventilation system (tank 241-AY-102) SC-2 4.1.5, 4.8 24
Instrumentation (for various systems)
. Primary tank instrumentation system
- Temperature measurement system [I0SR]™* 4.3.2 --
- Liquid-level measuring system [10SR]* 4.3.7 -~
- Pressure/vacuum measuring system [10SR]* 4.3.1 --
. Primary tank leak detection systems
- Liquid-level detector element SC-2 4.3.5, 4.8 2
- Continuous air monitors sC-2 4.3.5, 4.8 2
. Ventilation system radiation monitors
- Primary ventilation exhaust SC-2 4.3.8, 4.8 19
radiation monitoring system
- Annulus ventilation exhaust SC-3 4.3.9 14
radiation monitoring system
. Area radiation monitor system (d) SC-3 4.3.10 3
. Secondary tank instrumentation
- Tank concrete structure sC-3 4.3.3 3
thermocouples sC-2 4.3.4, 4.8 24
- Pressure/vacuum measuring system
Compressed air system (A-701 Building) SC-2 4.4.7, 4.8 24
. Process air SC-2 4.4.7, 4.8 24
. Instrument air SC-2 4.4.7, 4.8 24
. Balance of plant SC-3 4.4.7, 4.8 --
AC power system (AWF boundaries) (I0SR]*
. Normal AC power for primary tank [10SR]* 4,4.3 --
instrumentation [10SR]* 4.4.3.1 --
. Caterpillar diesel generator_(e) SC-2 4.4.5, 4.4.6 24
. Normal AC power for ventilation SC-2 4.4.5.1 24

Detroit diesel generator (f)

vi




WHC-SD-WM-SEL-033, Rev. 1

Tank 241-AY-102 Systems List and Interim Safety Classifications.
. (Sheet 2 of 2)
Safety SC Justifications
Existing system descriptions C}gzi Section of Tabile 1 {a)
AWF ISEL (b)
Raw water system (AWF boﬁndaries) SC-2 4.4.9, 4.8 24
Raw water system (service pits and boxes) SC-3 ' 4.4.9 3
Emergency cooling water system (c) SC-2 4.4.10, 4.8 24
Steam supply system (AWF boundaries) (c) sc-2 4.4.2, 4.8 24
Steam supply system (balance of plant) SC-3 -~ 3
Fire protection system SC-3 4.5 22
Air-1ift circulators [10SR]* 4.4.1 --
) Compressed air system--process air 4.4.1 -
° Raw water system 4.4.1 -
(a) Safety Classifications (Table 1, Section 9, WHC-CM-4-46),
(b) From WHC-SD-WM-SEL-020 (Kidder 1993a). -
(c) May be replaced by Project W-030 ventilation system.
(d) To be removed in the future.
(e) Caterpillar is a trademark of the Caterpiliar Corporation.
(f) Detroit is a trademark of the Detroit Corporation.
AC = Alternating current
AWF = Aging Waste Facility
ISEL = Interim safety equipment list
SC = Safety class
[I0SR]*: The notation (IOSR]" has been designated for those systems, components, and structures

important to health, safety, and environmental protection, but, for which current analyses
are not sufficient to establish the Safety Classification. Such items shall be treated as
Safety Class 3, with additional designation as operational safety requirements (OSR)
related. The additional OSR designation will ensure the priority and funding for continued
operation and maintenance of these items consistent with OSR requirements (I0SR where

applicable).

The [I0SR]" safety classification will be replaced to be consistent with the requirements of
WHC-CM-1-3, MRP 5.46, "Safety Classification of Systems, Components, and Structures,” as
analyses are completed to establish definite safety classifications. In the interim,
approval requirements shall include Nuclear Safety and Quality Assurance, as a minimum, and
Environmental Assurance where deemed appropriate.
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SAFETY EQUIPMENT LIST FOR
TANK 241-C-106 WASTE RETRIEVAL PROJECT W-320

1.0 INTRODUCTION

Safety Measures for Waste Tanks at Hanford Nuclear Reservation, Public
Law 101-510, Section 3137 -(Wyden Amendment), passed in November 1990, directs
the Secretary of Energy to resolve and report to Congress all safety issues
concerning waste tanks at the Hanford Site. The plan to implement
remediation, WHC-SP-0697 (Wilson 1991), has identified Tank 241-C-106 (C-106)
as the fourth Priority 1 safety issue.

The goals of the C-106 sluicing operation are: (1) to stabilize the
tank by reducing the heat load in the tank to less than 42 MJ/hr (40,000
Btu/hour), and (2) to initiate demonstration of single-shell tank (SST)
retrieval technology. This meets the Hanford Federal Facility Agreement and
Consent Order (Ecology et al. 1990), also known as the Tri-Party Agreement,
which includes milestones to demonstrate SST retrieval. Milestone M-45-03,
"Initiate full-scale demonstration of waste retrieval technology, ... by
October 1997," requires waste retrieval from Hanford SSTs as the initial phase
of SST closure. Tank C-106 has been identified as the M-45-03 retrieval
demonstration tank by the DOE. The Washington State Department of Ecology has
concurred in this selection. .

1.1 PURPOSE

The purpose of this supporting document (SD) is as follows: (1) to
provide safety classifications for items (systems, structures, equipment,
components, or parts) for the waste retrieval sluicing system (WRSS), and
(2) to document the methodology used to develop safety classifications.
Appropriate references are made with regard to use of existing systems,
structures, equipments, components, and parts for C-106 single-shell transfer
tank (SST) located in the C Tank Farm, and 241-AY-102 (AY-102) double shell
receiver tank (DST) located in the Aging Waste Facility (AWF). The items for
WRSS that were considered in this safety classification process are identified

in Table 1-1.

1.2 SCOPE

The scope of this SD covers the SCs for new or modified items for the
WRSS. Descriptions of existing items for AY-102 and C-106 that are used to
support the WRSS operation, are outlined in the SST and AWF SELs (Kidder 1993a
and 1993b).

1-1
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Table 1-1. Tank C-106 WRSS: Systems and Equipment List.

Systems

Equipment

Sluicing waste transfer system

Seismic switch

Primary transfer pipes

Secondary transfer pipes

Sturry distributor

Syphon breaker

Waste transfer pits

Waste transfer equipment in pits
Raw water supply and transfer line
flushing

Compressed Air System

Ventilation system

Seal loop

Carbon dioxide injection system
Recirculation and prefiltration system
Chiller skid

Exhaust skid

Ventilation exhaust radiation
monitoring system

Continuous air monitors,
Record samplers

In-tank imaging system

In-tank monitoring of level and
distribution of slurry

AC power systems

AC power C-Farm

MCC-N1, ventilation system and
monitoring instrumentation

MCC-N2, WRSS slurry and heel pumps
and monitoring instrumentation

AC power AY Farm
- MCC, sluice pumps and monitoring
instrumentation

Equipment Removal System

- Water washing, CO, decontamination
equipment

- Flexible receiver system

- Strongback system

- Equipment storage container

- Container transport trailer

AC
HEPA

Alternating current
High-efficiency particulate air.

This SD is provided in accordance with Management Requirements and
Procedures, WHC-CM-1-3, "Safety Classification of Systems, Components, and
Structures," MRP 5.46 as implemented by Safety Analysis Manual, WHC-CM-4-46,
Section 9, "Assigning Safety Classes to Systems, Structures, and Components,”
This Safety Equipment List (SEL) will be revised as additional SCs are

determined.

Safety classifications for the WRSS systems are noted in the table of
contents, appropriate section titles, and tables of Section 4.0. Safety
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classifications for structures are given in Appendix A; for equipment in
Appendix B; for components in Appendix C; and for parts in Appendix D of this.
SEL. The WRSS systems and areas of responsibility for tank farm engineering
are designated by the Tank Farm Project program.

The relationship of safety classification criteria is diagrammed as
follows.

SYSTEM
Safety Classification

EQUIPMENT STRUCTURES
Safety Classification Safety Classification
COMPONENT COMPONENT
Safety Classification Safety Classification
PART PART
Safety Classification Safety Classification

1.3 BASIS OF ANALYSIS

The existing items interim Safety Classifications are based on AWF SEL
(Kidder 1993a), SST SEL (Kidder 1993b), WHC-SD-WM-SAR-034 (Boyles 1989),
WHC-SD-WM-SAR-006 (Prosk and Smith 1986), and are augmented by the following:

® Tank Farm Risk Assessment Plant Familiarization and Hazard
Identification Report (Powers 1991)

® Hanford Site Tank Farm Facilities Interim Safety Basis (Leach and
Stah1 1993) -

® Preliminary Safety Evaluation for the 241-C-106 Waste Retrieval
Project W-320 (Conner 1994)

® New Analyses:

- Discussion of source terms in Section 3.2 (constituent
listing of source terms in Appendix E)

- Dose exposure calculations (see Appendix F)

- Offsite radioactive soil contamination analyses (see Section
3.3.2 and Appendix F).

The classifications in this document are based on the accident analyses
in WHC-SD-WM-PSE-010 (1994) safety classification guidelines in WHC-CM-4-46,

1-3
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and available supporting data for the WRSS. The data include drawings that
are not 100% reliable; tank contents that are not fully characterized; and
lack of environmental, toxicological, and radioactive source terms in the
existing safety analysis reports (SARs). The classifications may change as
additional analyses or studies are completed and used in developing the SEL
for an approved WRSS Safety Assessment (SA).

1.4 GENERAL FACILITY DESCRIPTION

This general description of SST C tank farm, AWF AY tank farm, and WRSS
includes background, monitoring systems, ventilation, and stabilization
activities. Brief descriptions for the existing supporting systems of C-106
and AY-102 to monitor temperature, liquid-level, leaks and radiation for
operation of the WRSS are in this SEL. Detailed descriptions of the existing
supporting systems for C-106 and AY-102 that are used for operation of WRSS
are in the SELs (Kidder 1993a and 1993b).

1.4.1 Background

Past fuel reprocessing operations conducted at the U.S. Department of
Energy (DOE) Hanford Site have generated high-level Tiquid and solid wastes.
One hundred forty-nine SSTs and four aging waste tanks (AY and AZ tank farms)
were built between 1943 and 1964 for the storage of liquid radioactive wastes.
The SSTs are located in the 200 East Area and the 200 West Area. The AWF
tanks are located in the 200 East Area. Figure 1-1 depicts the Hanford Site
Map which includes the C-106 Waste Retrieval project area. Figure 1-2 depicts
the general locations of the SST and AWF tank farms within the 200 East area.

Tank C-106 is a 2,000,000 L (530,000 gal) capacity SST located in C tank
farm in the 200 East Area of the Hanford Site. This tank has been used for
radioactive waste storage since 1947. Between 1963 and 1969, tank C-106
received about 500,000 L (132,000 gal) of high-heat waste, including
neutralized plutonium-uranium extraction (PUREX) high level waste and
strontium-bearing solids from the strontium and cesium recovery program.

The waste contained in C-106 is reported (Hanlon 1994) to consist of
746,000 L (197,000 gal) of sludge. This waste is stratified into two layers.
The top layer consists of 655,000 L (173,000 gal) of sludge containing a
sufficient amount of °°Sr to generate excessive heat (high heat layer). The
bottom layer consists of 91,000 L (24,000 gal) of hardened material which,
based on tank fill records, is a coating waste from dissolution of aluminum
fuel cladding. Of the 182,000 L (48,000 gal) of liquids reported for C-106
(Sederburg 1994), 61,000 L (16,000 gal) are interstitial and 121,000 L (32,000
gal) are supernatant.

In 1971, temperatures exceeding 99 °C (210 °F) were measured in tank
C-106. As a result of these high temperatures, a ventilation system was
installed to cool the tank. About 23,000 L (6,000 gal) of cooling water are
added to the tank each month to prevent the sludge from drying out and the
tank from overheating. The current radiogenic heat rate is calculated at 116
MJ/hr (1.1E+5 Btu/hr) (Bander 1993a and 1993b).
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Figure 1-1. Hanford Site Map
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Figure 1-2.
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Tank C-106 was withdrawn from active service in 1979 and iS'catego}ﬁzed as
sound (i.e., not known to be Teaking).

Project W-320 is intended for mobilization and removal of the heat
generating sludge from C-106 in the C Tank Farm and transferring it to AY-102
in the AWF. Tank-to-tank sluicing, an existing technology, provides the
earliest possible closure of this high heat safety issue.

The WRSS functional design criteria (FDC), is given in
WHC-SD-W320-FDC-001 (Bailey 1994).

1.4.2 Sluicing Waste Transfer System

The supernatant Tiquid (or an alternate fluid) in tank AY-102 will be
transferred into tank C-106 by a sluice pump. The sludge from C-106 will be
converted to a high-heat waste slurry, and the slurry transferred via a
variable speed transfer pump through encased transfer pipes to AY-102.
Supernatant 1iquid and unsettled solids within tank AY-102 are returned to
C-106 for use in further sluicing operations.

The solution used to sluice out the solid contents of C-106 will be the
liquid waste (supernatant) transferred into AY-102 from AY-101, or an
alternate fluid as stated in ES-290 (Sederberg 1994). The mixing of this
supernatant with solids in C-106 during sluicing will result in a slurry.

Chemical compatibility report (Sederburg 1994), evaluates the chemical
compatibility of waste currently stored in C-106, AY-101, and AY-102.
Sederburg (1994) describes the acceptability to transfer these wastes in the
sequence required by the WRSS. Before transfer of AY-101 supernatant into
AY-102, AY-102 contents will be removed to the maximum extent practicable.
Removal of AY-102 content is beyond the scope of the Project W320, and is
considered to be part of routine tank farm operations. Further, the chemical
models presented in Appendix C of the chemical compatibility report
demonstrate that no chemical reactions identified will result in future waste
incompatibility. Thus, no chemical safety issues will be exacerbated in any
way by retrieving the contents from C-106 and transferring them to AY-102. In
fact, a safer overall tank farm configuration is expected.

Though the contents of AY-101 will likely be replaced with different
1iquid before sluicing operations begin, its contents will be of the same
dilute complexed waste type at that time. The current chemical and
radionuclide composition of AY-101 liquid is considered to be a bounding case
for future waste receipts.

1.4.3 .Leak Detection Monitoring

No release of hazardous material is expected during normal transfer
operations. Small residual amounts of radioactive material are expected to be
available for release during jumper change operations. Large leaks within the
pits will be detected by special instrumentation and controlled as follows:
pit drains will return leaked wastes to the tank which they are associated
with; larger leaks that result in an accumulation of solution on the fioor of
the pit will be detected by a leak detection element.
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If the 23,000 L (6,000 gal) cooling water additions to C-106 are
stopped, the tank will dry out, sludge temperatures will rise exceeding
established limits, and structural damage to the tank may result. Should the
tank start to leak, continuation of the water additions required to cool the
waste may increase. the amount of leakage to the soil column.

Leaks located between the primary and secondary tank confinement liner
in the DST system of AY-102 will be controlled by the annulus leak detection
system. This system is designed to detect and recover any leakage in the
event of a primary tank liner rupture.

The dry well monitoring system provides a leak detection surveillance
function in the C tank farm. The wells are open-bottom mild steel casings of
either 6- or 8-in. diameter. Their depths range from 22.9 to 45.7 m (75 to
150 ft.). Although a number of these wells are randomly situated within the
tank farm, most are located adjacent to specific tanks at a distance of 1.8 to
3m (6 to 10 ft) from the outer walls. Radiation probes are used on a weekly
to quarterly schedule to determine the radiation profile in the well. The
well monitoring systems require electrical power when in use.

1.4.4 Ventilation

A new heating, ventilation and air conditioning (HVAC) system will be
provided for the WRSS as part of the C-106 modification (see Section 4.2) for
confinement of airborne particulate. The ventilation system will perform the
following functions: maintain a negative pressure; remove heat from the tank
and dehumidify recirculating air; remove aerosols; exhaust the ventilation
stream to the atmosphere through an exhaust stack, and monitor emissions; and
provide air inlet via a breather filter when the ventilation system is
inoperative. Project W-320 will also modify existing mechanical ventilation
equipment, as required, to support WRSS operations.

1.4.5 Radiation Monitoring

Selected alarms will alarm to the Tank Monitoring and Control System
(TMACS). Each system consists of detector assemblies, instrumentation,
recorders, local alarms, and central alarms. Alarms are annunciated in the
control room and to the TMACS in 2750-E Building. Alarms will be audible/
visible within the tank farms. The functional detectors are checked by
performing preventive maintenance. The monitoring systems require electrical
power for operation.

The C-106 WRSS provides new or relocated continuous air monitors (CAMs)
and record samplers in a dedicated trailer control room cabinet. These
instruments will be tied into TMACS.

1.4.6 C-106 Existing Facility Description
® The C Tank Farm has 12 tanks (C-101 to C-112) rated at 2,000,000 L
(530,000 gal) each and 4 smaller tanks (C-201 to C-204) rated at
207,500 L (55,000 gal) each. These tanks were constructed during
1943 and 1944. Tank C-106 is partially interim isolated.

1-8
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® The tank temperature for C-106 is monitored weekly because it
generates high-heat loads. A1l temperature readings are taken
manually.

® Tank surface levels are monitored using a manual tape or automatic
Food Instrument Corporation (FIC) gauge. The FIC is currently
being phased out and replaced with the Enraf series 854 level
gauge. The Enraf gauge is a high precision, low maintenance
device that determines waste level by detecting variations in the
weight of a displacer suspended in the tank waste. Manual tape
readings are input to the computer automated surveillance system
(CASS) the day they are taken. Manual surface-level readings are
periodically taken using the manual-mode FIC gauges and
automatically transfer to the CASS each hour. The CASS alarm
sounds if the readings are outside of pre-set limits.

e Active ventilation is provided for C-106. A CAM monitors the
exhaust- flow and alarms if limits are exceeded.

® Fach of the tanks in the C Tank Farm has a dry well monitoring
system.

1.4.7 AY-102 Existing Facility Description

The AWF consists of four tanks (AY-101, AY-102, AZ-101, and AZ-102) and
associated monitoring and control facilities. These DSTs are underground
double-shell carbon steel tanks encased in concrete shells. the primary tanks
are designed to hold about 3,785,000 L (1,000,000 gal) of radioactive wastes.
The tanks are interconnected to each other and to other tanks through a
network of underground transfer piping, diverter stations, and valve pits.
Each tank is vented to the vessel vent header, which is connected to the AY
and AZ ventilation system. The 241-AY and 241-AZ Aging Waste Tanks are
supported by facilities located in the A tank farm complex. Buildings,
systems, and components of the 241-AY and 241-AZ tank farms are listed in
Table 1-1 of the AWF SEL (Kidder 1993a). The AWF is served by utility systems
that provide electrical power, process and instrument air, steam, cooling
water, and sanitary water.

1-9
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2.0 METHODOLOGY

This section describes the criteria, interfaces, and methodology that
were used to develop the WRSS Safety Classifications.

2.1 SAFETY CLASSIFICATION CRITERIA

The systems in WRSS are classified on the basis of safety function they
perform and consequences of the failure of a system to perform its safety
function according to guidelines provided in Section 9 of WHC-CM-4-46, and
summarized in Section 2.3 below. Safety Classifications were developed with
consideration of recovery time, if appropriate. Recovery time is the time for
a system to be mitigated, repaired or replaced in the event of failure.
Credible accident scenarios were derived from existing WRSS safety analysis
documents (see Section 3.1, Preliminary Hazard Analysis).

2.2 WASTE RETRIEVAL SLUICING SYSTEM FUNCTIONS AND INTERFACES

The information provided in the FDC (Bailey 1994), was used to determine
functions and interfaces between various WRSS systems.

The existing tank farm systems for C-106 and AY-102, used to support the
WRSS operation, are outlined in the SELs (Kidder 1993a and 1993b). .

2.3 SYSTEM SAFETY CLASSIFICATION METHODOLOGY

The purposes of this document are to provide safety classifications for
the WRSS and its associated support systems, and to document the methodology
used to develop the SCs.

Figure 2-1 illustrates the logic path used to determine safety
classifications of the WRSS systems. The logical order for Safety Class (SC)
determination requires the following steps:

a. Identify hazards

b. Identify existing safety systems (systems that mitigate
radiological or toxicological releases)

c. Identify the safety functions of each system
d. Identify-credible accidents (probability of occurrence >1 E-06/yr)
e. Determine the tank inventory (activity and volume)

f. Determine release quantities (activity, and volume or mass of
material released in the accident scenario)

2-1
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Figure 2-1.
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Identify the consequences of system failure

Determine radiological offsite and onsite doses

Determine Environmental Hazard Safety Classification (EHSC) values
Evaluate the consequences of system failures against SC criteria

Assign appropriate SCs to the systems.

The safety classification criteria used to evaluate the consequences of
each WRSS system failure are provided in WHC-CM-4-46, Section 9, Table 1.
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3.0 IDENTIFICATION OF HAZARDS AND CONSEQUENCE ANALYSES

This section describes the preliminary hazards analysis (PHA), source
term definition, and consequence analyses for the WRSS. The PHA, including
the consequence analyses, for C-106 and AY-102 existing systems that are used
for the WRSS operation, are in the SELs (Kidder 1993a and 1993b).

3.1 PRELIMINARY HAZARD ANALYSIS

A preliminary hazards assessment was conducted to identify potential
hazards for the WRSS. This assessment has been included in Tabie 4-1 of
WHC-SD-WM-PSE-010 (Conner 1994). The potential accidents were analyzed by
determining event sequence, potential consequences, mitigating features,
recovery measures, and by estimating the probability of occurrence. See
Section 5.0 for the analysis descriptions of waste transfer line leaks,
unfiltered release to the environment because of recirculation HVAC duct
break, and waste leaks from jumpers or connectors with pit covers in-place.

The Safety Classifications and justifications for the front line systems
were determined based on the hazards assessment. See Table 4-1 for the WRSS
interim Safety Classifications.

3.2 SOURCE TERM

The waste in C-106 contains radionuclides with greater than 100
nanoCuries/g (nCi/g) transuranic content, therefore, the sludge in C-106
qualifies as both high level waste and transuranic waste. The chemical
composition of the sludge also classifies the contents as "lTisted waste”
according to Washington Administrative Code (WAC) Dangerous Waste Regulations,
WAC-173-303 (WAC 1989).

Conservative estimates of the radionuclide inventories for the C-106,
AY-101 and AY-102 tanks used in the WRSS are shown in Appendix E, Tables E-1,
E-2, and E-3 respectively.

Source Term Clarifications. An analysis in Appendix C of
WHC-SD-WM-ISB-001 (Leach and Stahl 1993) was performed for unit liter
respirable releases of selected Hanford high level waste tanks. The unit
Jiter release analysis was performed using the PNL-6584 GENII dosimetry code
found in PNL-6584 (Napier et al. 1988) and laboratory sample data for C-106
solids and AY-101 supernatant in AY-102 (see Section 1.4.2). The EDE values
in rem/L are estimated in dose consequence calculations in Appendix F and are
summarized in Table 3-1. This table represents maximum doses to the offsite
individual.

3-1
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Table 3-1. EDE/Unit Liter Release for Offsite Individual
Without/With PM

EDE, rem/L EDE, rem/L
Offsite Solids Liquid
Inhalation 2.30E-2 1.80E-5
without PM (CF=1) '
Inhalation 1.47E-2 1.15E-5
with PM (CF=0.64)

Since all the radionuclides of concern have long half-lives, doses to
the receptors at other locations are proportional to the maximum doses
calculated for the offsite individual. The atmospheric dispersion
coefficients used to derive these conversions are provided in Table C-5,
Appendix C (Leach and Stahl 1993). To convert from the maximum offsite
individual dose to doses for other receptors, the receptor location conversion
factors given in Table C-10 of Appendix C (Leach and Stahl 1993) are used.

For purposes of this evaluation and as recommended in Appendix C (Leach and
Stahl 1993), the most conservative multiplication factors (CF) with or without
plume meander (PM) have been used and are as follows: CF=1 for maximum doses
to offsite individual without PM; CF=0.64 for maximum doses to offsite
individual with PM; CF=610 for maximum doses to onsite individual at 100
meters with PM; and CF=1,900 for maximum doses to onsite individual at 100
meters without PM. The plume meander CF is applied for accident releases
assumed to occur for one hour or more. '

The unit liter release EDE values are listed in Table 3-1 for the
offsite individual without and with PM; Table 3-2 for onsite individual
without PM; and Table 3-3 for onsite individual with PM. It is assumed that
the solids/sludge within AY-102 are not disturbed during sluicing from C-106
to AY-102.

Table 3-2. EDE/Unit Liter Release for Onsite Individual

Without PM
Onsite EDE, rem/L, solids EDE, rem/L Liquid
(CF=1900) (CF=1900)
Inhalation 4.37E+1 3.42E-2

Table 3-3. EDE/Unit Liter Release for Onsite Individual

With PM
Onsite EDE, rem/L, Solids EDE, rem/L Liquid
(CF=610) (CF=610)
Inhalation 1.40E+1 1.10E-2
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3.3 CONSEQUENCE ANALYSES

The potential consequences discussed in this section include
radiological, soil contamination, and chemical contamination.

3.3.1 Radiological Consequences

The personnel radiological onsite and offsite dose consequences used in
determining system Safety Classifications were calculated based on the
airborne release volumes as indicated in the appropriate accident scenarios in
Section 5.0.

The environmental radiological consequences used in determining system
Safety Classifications were calculated based on liquid release volumes as
indicated in the appropriate accident scenarios in Section 5.0. A summary of
offsite and onsite EDE values for each credible accident scenarios analyzed in
Section 5.0 is provided in Table 3-4. :

3.3.2 Soil Contamination

The inner pipe for the transfer system, pipe-in-pipe, is SC-2. A
seismic switch will be used to shutdown the WRSS sluicing transfer system.
The SC-2 designation for the transfer system along with the seismic switch
will significantly reduce the impact to the personnel safety and health as
well as soil contamination from a postulated break of both supply and return
transfer lines.

3.3.3 Chemical Contamination

Chemical inventory data for C-106, AY-101, and AY-102 are in Tables E-4,
E-5, and E-6 respectively. These are based on WHC-SD-WM-TI-543 (Van Vieet
1993a), and WHC-SD-WM-TI-565 (Van Vleet 1993b).

Based on the analyses performed in the SELs (Kidder 1993a and 1993b),
a chemical release from the WRSS, C-106, AY-101, or. AY-102 is considered
inconsequential in comparison to Emergency Response Planning Guidelines,
ERPG-2 and ERPG-3 Timits. Therefore, the Safety Classifications of WRSS
systems are not impacted by Criteria 5, 8, or 9 of WHC-CM-4-46, Section 9,
Table 1.

3-3
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Table 3-4. Summary of Accident Consequences

EDE EDE
) offsite, | Onsite,
Accident scenario mrem rem
la & 1b: Waste transfer supply 1ine and 2.0E+0 1.9E+40
return line failure (1)
1c & 1d: Waste transfer supply line and 1.0E-1 1.9€-1
return line failure (2)
2: Unfiltered release caused by duct 5.3E-1 5.0E-1
failure (3,4)
3a: Jumper/connector failure, with pit 7.4E43 7.0E+3
cover open (1)
3b:  Jumper/connector failure, with pit 3.8t-4 3.6E-4
cover closed with all openings
closed (5)

3c:  Jumper/connector failure, with pit 1.6E-1 1.5E-1

cover closed with 2 inch valve
handle open for portable imaging
system (5)

Notes:

1. 2 hours release time, CF = 0.64 for conversion to offsite dose
with PM, and CF = 610 for conversion to onsite dose with plume
meander.

2. 10 seconds release time with seismic switch shutoff, and CF =
1,900 for conversion to onsite dose without plume meander.

3. 1 hour release time, CF = 0.64 for conversion to offsite dose with
PM, and CF = 610 for conversion to onsite dose with plume meander.

4. Based on C-106 vapor space loading at 100 mg/m> consisting of 10%
C-106 solids and 90% AY-101 supernatant via HVAC recirculation
exhaust duct.

5. 8 hours release time, CF = 0.64 for conversion to offsite dose

with PM, and CF = 610 for conversion to onsite dose with plume
meander.
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4.0 JUSTIFICATIONS FOR SAFETY CLASSIFICATIONS

The procedure for safety classification is established in WHC-CM-1-3,
MRP 5.46, Safety Classification of Systems, Structures, and Components, that
is in accordance with criteria established in DOE Order 6430.1A (DOE 1989).
WHC-CM-4-46, Section 9, "Assigning Safety Classes to Systems, Structures, and
Components" implements the requirements of MRP 5.46 and provides the criteria
in Table 1 of Section 9 that are used in determining the safety
classifications for systems, structures and components in WRSS. The
consequence of failure of systems, structures, and components is determined by
an accident analysis in Section 5.0, and is compared to the criteria of
Table 1. Depending on these criteria and the consequence of the failure
analysis, the systems, structures, and components of WRSS are designated as
SC-1, SC-2, SC-3, or Non-Safety Class 4 (NSC-4).

Safety Classifications of equipment associated with WRSS systems are
presented in Appendix B. The following sections provide justifications for
SCs of the sluicing waste transfer system, ventilation system, support
systems, instrumentation and controls, and the equipment removal system. The
drawings referenced in the following sections are in Appendix H. A summary of
Safety Classifications for the new systems in the WRSS is given in Table 4-1.
Also, the existing SST and AWF Systems Lists and Interim Safety
Classifications, based on the SELs (Kidder 1993a and 1993b), are given in
Tables 4-2 and 4-3. The existing systems and their components as noted in
Tables 4-2 and 4-3 will be used, as required, to support WRSS operation.

The analysis in Appendix F is based on the radioactive inventory data
presented in WHC-SD-WM-TI-543, Radionuclide and Chemical Inventories for the
Double Shell Tanks (Van Vlieet 1993a), and WHC-SD-WM-TI-565, Radionuclide and
Chemical Inventories for Single Shell Tanks, (Van Vleet 1993b). As noted in
Bander 1993a and 1993b, the radiogenic heat load is 32.2 kW (110,000 Btu/h).
The calculated heat Toad due to radioactive elements in C-106 based on data
from Van Vleet 1993b is dominated by decay of *°Sr and '*’Cs with negligible
contribution from other radionclides, and is equivalent to 13.4 kW; 12 kW from
gy and 1.4 kW from '®’Cs. The radioactive inventory data in Van Vleet 1993b
are suspect values according to Bander 1993a and 1993b. This introduces a
scaling factor of 2.4 due to the discrepancy between radiogenic heat load in
the Bander reports and the estimated heat load from the current radioactive
inventory in C-106. Characterization of C-106 is scheduled to be completed in
the near future. Until such time as the new characterization data for C-106
is available, the 2.4 scaling factor has been applied to the estimated EDE
values in Appendix F, as noted in Section 5.0. According to the guidelines in
WHC-CM-4-46, the EDE values for postulated accidents are used for
determination of safety classification of WRSS and radiological risk
acceptance. The risk is based on the frequency of occurrence of an accident
and the consequence of the accident.

4.1 SLUICING WASTE TRANSFER SYSTEM -- SC-1

The sluicing waste transfer system (SWTS) consists of: a seismic switch;
primary and secondary transfer pipes between C-106 and AY-102; a slurry

4-1
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Table 4-1. WRSS Systems List and Safety Classification.

Saf SC Justifications
afety
New S
ew Systems Class Section of “ Table 1,
(sC) this document | - (a)
Safety systems
Sluicing waste transfer system SC-1 4.1 1,10,15
. Seismic switch sC-1 1.1 15
Primary transfer pipes from and to SC-2 1.2 2
tanks
. Secondary transfer pipes from and to SC-3 4.1.3 3
tanks (b)
. Slurry distributor SC-3 4.1.4 3
. Syphon protection sSc-3 4.1.5 3
° Waste transfer pits. sc-1 4.1.6 1
. Waste transfer equipment (pumps, SC-3 4.1.7 3
valves, pipes, flanges, etc.) in pits
* Raw water supply and transfer line SC-3 1.8 3
flushing system
. Compressed Air System SC-3 1.9 3
Ventilation system. SC-1 4.2 1
. Seal loop sc-1 4.2.1 1
. Carbon dioxide injection system SC-3 4.2.2 3
. Recirculation and prefiltration sC-3 4.2.3 3
system
° Chilier skid SC-3 4.2.4 3
. Exhaust skid SC-3 4.2.5 3
Ventilation exhaust radiation monitoring system SC-3 4.3 3
(Continuous air monitors and record samplers)
In-tank imaging system SC-3 .4 3
Instrumentation Control System SC-3 6 3
AC power SC-3 4.5 14
Equipment Removal System sc-3 4.7 3
N Water washing, CO, decontamination .
: SC-3 4.7 3
equipment sc-3 4.7 3
' Fiexible receiver system :
sc-3 4.7 3
. Strongback system SC-3 47 3
° Equipment storage container sC-3 4'7 3
. Container transport trailer :
(a) Safety Classifications (Table 1, Sectiori 9.0 of WHC-CM-4-46)
(b) Secondary transfer pipe (encasement or outer pipe) will meet applicable SC-2 QA and

structural/seismic requirements, similar to primary transfer pipe.

AC = Alternating current
EP = Engineering Practice
SC = Safety Class
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Table 4-2. Tank C-106 Existing Systems List and Interim Safety

Classifications.
safet SC Justifications
Existing system description arety
X 9 sy riptions Class Section of Table 1,
(sc) SST ISEL(b) (a)
Safety systems
Primary dome and tank SC-1 4.1.1, 4.2.1 1.2
Active ventilation system sC-3 4.1.2 3
. Exhaust duct headers sC-3 4.1.2 3
° Exhaust fan, HEPA filters sC-3 4.1.2 3
o Steam or electric preheater SC-3 4.1.2 3
° Process condensate drain with seal pot sC-3 4.1.2 3
© Air inlet filters SC-3 4.1.2 3
Active ventilation exhaust radiation monitoring system SC-2 4.3.4, 4.7 18
. Continuous air monitors SC-2 4.3.4, 4.7 2
° Record samplers SC-2 4.3.4, 4.7 2
Tank temperature instrumentation [10SR])* 4.3.1
o Thermocouples [10SR])* 4.3.1
Tank liquid-level instrumentation [10SR)* 4.3.3
. FIC [I0SR]* 4.3.3
) Manual tapes SC-3 4.3.3 3
Tank leak detection instrumentation SC-3 4.3.2 3
® Dry wells SC-3 4.3.2 3
Support systems
. AC power(c) f10SR]* 4.4.3
-  Active ventilation system SC-3 4.4.3 3
-  Temperature monitoring instrumentation [I0SR}* 4.4.3
- Liquid level monitoring instrumentation [10SR}* 4.4.3
- Leak detection monitoring instrumentation sC-3 4.4.3 3
. Compressed air SC-3 4.4.4 3
- Instrument air supply to SC-3 4.4.4 3
monitoring instrumentation
. Raw water supply sC-3 4.4.5 3
® Area radiation monitors(d) sC-3 4.4.1 3
Fire protection system ) Sc-3 4.5 22

(a) Safety Classifications (Table 1, Section 9.0 of WHC-CM-4-46)

(b) Single-Shell Waste Tanks Interim Safety Equipment List (SEL) (Kidder 1993b)

(c) The AC power is classified according to its safety support function and not to its source
or distribution. Classifications provided are only applicable to the tank farm fence line.
Classification of offsite sources and distribution networks is beyond the scope of this
document.

(d) ARMs are being removed

AC = Alternating current

EP = Engineering Practice

FIC = Food Instrument Corporation

HEPA = High-efficiency particulate air

SC = Safety Class

[I0SR]": The notation [IOSR]" has been designated for those systems, components, and structures

R Rl TRt alPE B P o Bt S IR %5 oo, -y SN L

important to health, safety, and environmental protection, but, for which current analyses
are not sufficient to establish the Safety Classification. Such items shall be treated as
Safety Class 3, with additional designation as Operational Safety Requirements (OSR)
related. The additional OSR designation will ensure the priority and funding for continued
operation and maintenance of these items consistent with OSR requirements (IOSR where

applicable).

The [I0SR]" Safety Classification will be replaced to be consistent with the requirements of
MRP 5.46, as analyses are completed to establish definite Safety Classifications. In the
interim, approval requirements shall include Nuclear Safety and Quality Assurance (SQ), as
a minimum, and Environmental Assurance (E) where deemed appropriate.
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Table 4-3. Tank 241-AY-102 Systems List and Interim Safety Classifications.
(Sheet 1 of 2)

Safety SC Justifications
Existing system descriptions Class R
9 P . (sc) Section of | 11161 (a)
AWF 1SEL (b)
Tanks (241-AY-102) - SC-1 - 10
. Primary tank sC-1 4.2.1 10
. Secondary tank, refractory support pad, SC-1 4.2.2 23
concrete structure
° Secondary tank leak detection system SC-3 4.3.6 -
Waste Transfer System . SC-1 4.2.3
. Primary tank and secondary inter tank sC-1 4.2.3.2 10
transfer pipes
® Waste transfer system pits/boxes sC-1 4.2.3.3 1, 12
. Waste transfer system pits/boxes equipment SC-3 4.2.3.3 3
(pumps, valves, pipes, flanges, leak
detectors, etc.)
Primary tank ventilation system {A-702 Building) (c) sC-2 4.1.3 2
. Ventilation duct work SC-2 4.1.3 2
' Seal loops SC-2 4.1.3 2
° Deentrainers, condensers, heaters SC-2 4.1.3 2
. Exhaust fans SC-2 4.1.3 2
Backup ventilation system {A-702 Building) (c) SC-2 4.1.4 2
o 112-m’/s (4,000 ft’/min) exhauster sc-2 4.1.4 2
° Ventilation duct work SC-2 4.1.4 2
Annulus ventilation system (tank 241-AY-102) . SC-2 4.1.5, 4.8 24
Instrumentation (for various systems)
. Primary tank instrumentation system
- Temperature measurement system {I0SR]* 4.3.2 --
- Liquid-level measuring system [I0SR]* 4.3.7 --
- Pressure/vacuum measuring system [10SR]* 4.3.1 --
. Primary tank leak detection systems
- Liquid-level detector element SC-2 4.3.5, 4.8 2
- Continuous air monitors SC-2 4.3.5, 4.8 2
® Ventilation system radiation monitors
- Primary ventilation exhaust SC-2 4.3.8, 4.8 19
radiation monitoring system
- Annulus ventilation exhaust SC-3 ) 4.3.9 14
radiation monitoring system
. Area radiation monitor system (d) SC-3 4.3.10 3
. Secondary tank instrumentation
- Tank concrete structure SC-3 4.3.3 3
thermocouples sC-2 4.3.4, 4.8 24
- Pressure/vacuum measuring system
Compressed air system (A-701 Building) SC-2 4.4.7, 4.8 24
. Process air SC-2 4.4.7, 4.8 24
. Instrument air SC-2 4.4.7, 4.8 24
. Balance of plant SC-3 4.4.7, 4.8 -
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Table 4-3. Tank 241-AY-102 Systems List and Interim Safety Classifications.
(Sheet 2 of 2)
safety SC Justifications
Existing system descriptions C}gg§ Section of Table 1 ()
AWF ISEL (b)
AC power system (AWF boundaries) [I0SR}*
. Normal AC power for primary tank [10SR}* 4.4.3 --
instrumentation [10SR]* 4.4.3.1 --
© Caterpillar diesel generator (e) SCc-2 4.4.5, 4.4.6 24
® Normal AC power for ventilation SC-2 4.4.5.1 24
° Detroit diesel generator (f)
Raw water system (AWF boundaries) SC-2 4.4.9, 4.8 24
Raw water system (service pits and boxes) SC-3 4.4.9 3
Emergency cooling water system (c) SC-2 4.4.10, 4.8 24
Steam supply system (AWF boundaries) (c) sC-2 4.4.2, 4.8 24
Steam supply system (balance of plant) SC-3 - 3
Fire protection system SC-3 4.5 22
Air-1ift circulators . [10SR)* 4.4.1 --
O Compressed air system--process air 4.4.1 --
° Raw water system 4.4.1 --
(a) Safety Classifications (Table 1, Section 9, WHC-CM-4-46),
(b) From WHC-SD-WM-SEL-020 (Kidder 1993a).
(c) May be replaced by Project W-030 ventilation system.
(d) To be removed in the future.
(e) Caterpillar is a trademark of the Caterpillar Corporation.
(f) Detroit is a trademark of the Detroit Corporation.
AC = Alternating current
AWF = Aging Waste Facility
ISEL = Interim safety equipment 1ist
SC = Safety class
[10SR}*: The notation [IOSR]" has been designated for those systems, components, and structures
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important to health, safety, and environmental protection, but, for which current analyses
are not sufficient to establish the Safety Classification. Such items shall be treated as
Safety Class 3, with additional designation as operational safety requirements (OSR)
related. The additional OSR designation will ensure the priority and funding for continued
operation and maintenance of these items consistent with OSR requirements (IOSR where
applicable).

The [10SR]” safety classification will be replaced to be consistent with the requirements of
WHC-CM-1-3, MRP 5.46, "Safety Classification of Systems, Components, and Structures,” as
analyses are completed to establish definite safety classifications. In the interim,
approval requirements shall include Nuclear Safety and Quality Assurance, as a minimum, and
Environmental Assurance where deemed appropriate.
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distributor; syphon protection; waste transfer pits; waste transfer equipment
jn pits that includes a slurry pump, a sluice pump, sluicers, valves, etc.;
raw water supply and transfer line flushing system; and a compressed air
system. Brief descriptions of these components and their functions are
provided in the following sections.

The high heat waste solids in C-106 will be transfered to AY-102 by
using an updated form of past practice sluicing. The sluicing is a continuous
process with the supernatant or alternate Tiquid in AY-102 serving as the
sluicing fluid. This fluid is mixed with the solids by the sluicer action
producing a slurry in C-106. The slurry is transferred to AY-102 via a
variable speed slurry transfer pump, with a maximum capacity of 1,300 L/min
(350 gpm) through an encased slurry transfer pipe, and a distributor located
in AY-102. The slurry pump is installed in Pump Pit 241-C-06A.

The sluice pump in AY-102 will transfer the supernatant (or alternate
fluid) via two sluicers with nozzles located in C-106. The sluice pump will
deliver a maximum of 1,300 L/min (350 gal/min ) of supernatant to the sluicer
nozzle at about 82 °C (180 °F). The sluice pump is installed in Pump Pit 241-

AY-02E. See Process and Instrumentation Diagrams H-2-818559 and H-2-818560.

One sluicer is installed in Pit 241-C-06A, and the other in Pit
241-C-06C. The slurry distributor is Jocated in Pit 241-AY-02A. The
distributor distributes the solids in AY-102 as evenly as possible. A
majority of the solids settle in AY-102. The unsettled solids in AY-102 are
recirculated along with supernatant (or alternate fluid) to C-106. Thus, a
continuous process of sluicing is maintained until at least 75% of high heat
solids are transferred into AY-102. The routing of transfer pipes is shown on
Drawings H-2-818520 and H-2-818540.

4.1.1 Seismic Switch -- SC-1

Based on evaluation of the WRSS design and the EDE dose consequences
caused by a postulated break of both supply and return transfer lines during a
seismic event, a seismic switch will be installed to shut down the WRSS
sluicing transfer system (see Drawings H-2-818559, Sheet 1 and H-2-818560,
Sheet 7). This will significantly reduce the impact to personnel safety and
health caused by the dose consequences, and to the environment causeed by the
soil contamination. See Section 4.1.2 for the accident analysis. Based on
the safety function that the seismic switch performs and based on Criterion 15
of Table 1, Section 9, WHC-CM-4-46, the seismic switch has been classified as
SC-1.

4.1.2 Primary Transfer Pipes -- SC-2

The two primary transfer lines (delivering supernatant to the sluicing
nozzles in C-106 and high-heat slurry waste to the receiver tank, AY-102) will
be of an all welded construction of 4-in. Schedule 40 stainless steel pipe
within the 6-in. Schedule 40 carbon steel encasement pipe. See Drawings
H-2-818520, H-2-818540, H-2-818559 and H-2-818560.

4-6



WHC-SD-WM-SEL-033, Rev. 1

The safety function of the C-106-sluicing transfer system primary piping
is to provide confinement of hazardous 1iquid wastes. Failure and leaking of
the primary piping can result in an unmitigated leak of hazardous liquids to
the soil column, and/or release of aerosols to the environment. A radioactive
aerosol release will cause potential onsite and offsite personnel exposures.

The accidents that characterize this failure are waste transfer supply
and return lines failure - accident, Scenarios la through i1d in Section 5.0.

The supply line and return line failures are assumed to be detected by a
material balance discrepancy. The maximum postulated leak is calculated to be
328,000 L (86,600 gal) for both supply Tine and return line breaks, Scenarios
la and 1b. For safety classification purposes, it is further assumed that the
entire leak is released to the environment. The resulting EHSC value is
2,640,000 for both supply line and return line failures and is based on source
terms of C-106 and AY-102. The EDE offsite and onsite values are 2 mrem and
1.9 rem respectively.

As noted in Section 4.1.1, a seismic switch will shut down the WRSS
sluicing transfer system during a seismic event. This will significantly
reduce EDE dose consequences as well as environmental hazard because of soil
contamination from transfer line breaks. The maximum postulated release with
the seismic switch shutdown feature is calculated to be 10,450 L (2,760 gal),
Scenarigs 1c and 1d. The resulting EHSC value is 48,000. The EDE offsite and
onsite values are 1.0E-1 mrem and 1.9E-1 rem, respectively. Using a release
time of 10 sec, the time to reach the SC-1, Criterion 1, Table 1, Section 9,
WHC-CM-4-46, (500 mrem for offsite individual), will be equal to 13.8 hr [500
mrem / 1.0E-1 mrem x (3,600 sec/hr /10 sec)], and the time to reach the SC-2,
Criterion 2 (5 rem for an onsite individual) will be equal to 4.3 min
[5 rem/1.9E-1 rem x (60 sec/min /10 sec)]. Because the estimated time (4.3
min) to reach SC-2 criterion does not provide sufficient time to implement
recovery actions (cover/cleanup contaminated area), the primary waste transfer
line (inner pipe) provides an SC-2 safety function.

4.1.3 Secondary Transfer Pipes -- SC-3

The 6-in. secondary transfer (encasement or outer) pipes are provided
for leak detection and secondary confinement to drain any liquid leaked from
the 4 in. primary transfer lines to the appropriate tank. See Drawings
H-2-818520, H-2-818540, H-2-818559 and H-2-818560.

The safety function of the sluicer pumping system is to transfer liquid
waste from C-106 to AY-102 without leaking. The primary pipe (inner 4 in.
pipe) is designed for SC-2 requirements with all welded construction. The
secondary transfer pipe (encasement or outer pipe) will meet applicable SC-2
QA and structural/seismic requirements, similar to the primary transfer pipe.
The secondary transfer pipe includes leak detection capability. Any potential
leaks confined within the encasement will drain to the appropriate tank, and
once this leak is detected an immediate action such as stopping of the
transfer operation will be taken. Extra radiation work would be required to
repair a potential leak caused by a primary pipe failure; this would adversely
impact as low as reasonably achievable (ALARA) principles. Based on Criterion
3 of Table 1, Section 9, WHC-CM-4-46, the secondary transfer piping system is
classified as SC-3.
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4.1.4 Slurry Distributor -- SC-3

The slurry distributor (see Drawing H-2-818560, Sheet 3) pipe is
designed to maximize solids settling and to provide distribution of solids as
evenly as possible within AY-102.

According to the FDC (Bailey 1994), the design intent is to transfer
slurry containing 30% solids from C-106 to AY-102. Failure to distribute
solids as evenly as possible may result in a potential for an extended
operation of WRSS because more unsettled solids will be transferred back and
forth by the waste retrieval system. According to Bailey 1994, it is
estimated that about 10% unsettled solids will be returned to C-106 via the
supernatant line. As evaluated in WHC-SD-SQA-CSA-20363 (Rogers 1994), no
mechanism has been found that is capable of causing a criticality concern
during this transfer and distribution of solids in AY-102. Based on Criterion
3, Table 1, Section 9, WHC-CM-4-46, the slurry distributor is classified as
SC-3.

4.1.5 Syphon Protection -- SC-3

The design of the supernatant Tine will incorporate anti-syphon holes on
the sluice pump discharge line located inside AY-102 in order to prevent
syphoning of AY-102 via the supernatant line. Similarly, anti-syphon holes
are also provided on the slurry distributor Tine located inside AY-102 to
prevent syphoning of AY-102 via slurry line. The piping hydraulic diagram,
Drawing H-2-818536, shows elevations for the two tanks, pump pits, and piping
(the elevations or liquid levels noted in this section are the elevations or
Jevels above the mean sea level reference). In the event of a break in the
lines or when the system is shutdown/stopped the anti-syphon holes will
prevent draining of AY-102 to C-106 and a consequent overflow of C-106. If
all the holes are assumed to be plugged, failure of these anti-syphon holes to
function as a syphon breaker would allow a syphon to be established upon pump
shutdown or a line break. The flow rate of the syphon may be conservatively

calculated by the following:
h
= 2w L
0=19.65d

Reference: Equation 3-19, Crane Technical Paper No. 410 (Crane 1982)

Where Q = flow rate in gallons per minute
+d = internal pipe diameter in inches
h, = head loss in feet
K = f(L/D) resistance coefficient,
where f = friction factor

L
D

length of pipe, in feet
diameter of pipe, in feet
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The transfer piping is 4-in., Schdule 40 stainless. steel with an-
internal diameter (d) of 8.283 cm (3.458 in.); the head Toss (h.) is the
difference in height between the maximum liquid level in AY-102, E]1 199.14 m
(653.36 ft), and the initial height of the liquid in C-106, E1 187.63 m
(615.58 ft), as shown on drawing H-2-818536, which is equal to 11.5 m (37.78
ft). The friction factor (f) is taken from Crane Technical Paper 410 (Crane
1982) as 0.017 for clean commercial steel pipe; and the pipe length (L) is
assumed to be 610 m (2,000 ft), this yields a resistance coefficient (K) of
118. Therefore, substituting these data into the above equation, the flow
rate (Q) is equal to 503 L/min (133 gpm).

The following were assumed in determining the conservative flow rate:

° Additional friction losses due to valves and fittings such as
elbows and reducers are not considered

° Head is assumed constant, however actual head will approach zero
as the liquid levels in AY-102 and C-106 equalize

® Data for commercial steel pipe is used in lieu of stainless steel
data (the material of construction for the primary line) which is
smoother and would provide less friction

o Cascade line between C-105 and C-106 is not available.

Therefore, a conservative flow rate of 378 L/min (100 gpm) has been used
to determine the time to fill C-106.

The total volume of 1iquid estimated to be available for transfer from
AY-102 to C-106 is about 2,233,000 L (590,000 gal). The time to transfer this
volume at 100 gpm is about 98 h. This is based on the volume of 1iquid
between the maximum liquid height in AY-102 at 199.14 m (653.36 ft) and the
height of the distributor nozzles (or the suction of the sluice pump) at 193.7
m (635.5 ft); and an estimated volume of 4,100 L/cm (2,750 gal/in.) in a 22.9
m (75 ft) diameter tank.

The volunie necessary to fill C-106 is about 1,135,000 L (300,000 gal)
based on the maximum allowable level of 189.7 m (622.4 ft), 470 cm (185 in.)
above the inside bottom elevation of C-106 at 185 m (607 ft) according to
0SD-T-151-00013 (Boyles 1993), and an initial starting tank volume of
746,000 L (197,000 gal). The time to transfer this volume of 1,135,000 L
(300,000 gal) would be about 50 h at 378 L/min (100 gpm) flow rate. A number
of diverse instruments are available to alert the operator of this situation,
monitoring of tank level which is automatically recorded daily according to
Table 1-25 of WHC-SD-WM-ISB-001 (Leach and Stahl 1993). In addition, routine
operator surveillance of system operations will detect a failure of the syphon
protection. Release of tank contents to the environment will not occur before
discovery and mitigation by the operator. In addition, since there are a
sufficient number of redundant holes available for a syphon break, it is
inconceivable to assume that all the holes are plugged at the same time.

Based on Criterion 3, Table 1, Section 9, WHC-CM-4-46, the syphon protection
will provide an SC-3 function.
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4.1.6 Waste Transfer Pits -- SC-1

The waste transfer pits for AY-102 have been classified as SC-1
according to Section 4.2.3.3 of WHC-SD-WM-SEL-020 (Kidder 1993a). See
Table 4-3.

During waste transfer or recirculation of liquid waste within C-106
pits, a spray leak scenario could be postulated that would lead to SC-1
consequences. Such an accident scenario could consist of the following
events:

a. An initiating event where a spray leak occurs in a pit due to
failure of jumpers, connection or flange

b. A single failure where a pit cover block is left off

c. The spray is oriented such that it sprays out of the opening in
the pit
d. The leak detectors may not activate because of most of the spray

is out of the pit, and also, not enough liquid is lost that could
be detected by material balance discrepancy (MBD) analysis.

Calculations were performed in Appendix F for the above scenario, and
are summarized in Section 5.0, Scenario 3a. The resulting offsite EDE value
for a jumper/connector failure is 7.4E+3 mrem. The resulting onsite EDE value
for a jumper/connector failure is 7.0E+3 rem. :

The above spray scenario was mitigated with a properly installed pit
cover block. As noted below, and in Section 5.0 for Scenarios 3b and 3c, the
offsite and the onsite EDE values were significantly reduced.

Scenario 3b: The resulting offsite EDE value for a jumper/connector
failure (with all openings closed) is 3.8E-4 mrem. The resulting onsite EDE
value is 3.6E-4 rem.

Scenario 3c: The resulting offsite EDE value for a jumper/connector
failure (with cover in place and 2-in. valve handle hole open) is 1.6E-1 mrem.
The resulting onsite EDE value is 1.5E-1 rem.

Therefore, this confirms that the pit cover provides an SC-1 function
based on Criterion 1 of Table 1, Section 9, WHC-CM-4-46. Existing
administrative controls, WHC-SD-WM-OSR-005 (Dougherty 1993), provide for pit
covers to be in place prior to any transfer operation. Additional procedures
and corresponding quality assurance inspections will be implemented to ensure
procedural compliance.

4.1.7 Waste Transfer Equipment in Pits -- SC-3

The C-106 WRSS provides new and modified waste transfer piping, pumps,
valves, flanges, and jumpers located in pits. See Drawings H-2-818559 and
H-2-818560. With a properly installed pit cover block, the pump, pipe,
gaskets, flanges, jumpers, or valves could leak, spray, or burst with little
consequence to the environment as noted in Section 4.1.6.
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The. WRSS transfer or-recirculation of liquid waste will be-via pits.
The pit enclosure will perform the function of a distributor box that will
have jumper capabilities for additional piping connections, if needed. Spare
piping system jumper connections (in the pump pit) will be capped.

Pit drains will be sized to aﬁcept flow from both transfer lines caused
by a guillotine-type pipe failure and drain the Tiquid to C-106.

Leakage of the primary piping caused by a jumper or connector failure
within the pit can result in an.unmitigated release of hazardous liquid
aerosols to the environment. This will result in potential onsite and offsite
personnel exposures. With the pit cover performing an SC-1 confinement
function, as evaluated and confirmed in Section 4.1.6 above, the equipment
within the pit (pumps, jumpers, valves, etc.) can be considered SC-3, although
some aerosols may come out of cover block penetrations or around an ungasketed
cover block. Based on engineering judgement such dispersions are considered
to result in an SC-3 ALARA consequences. Therefore, equipment including
jumpers within the pits can be considered as SC-3 based on- Criterion 3, Table
1, Section 9, WHC-CM-4-46.

4.1.8 Raw Water Supply and Transfer Line Flushing -- SC-3

The WRSS systems will be designed to be capable of flushing all
components with raw water. See Drawings H-2-818559, H-2-818560, H-2-818561,
and H-2-818562. Treated water is presently required for C-106 cooling (an
intermittent cooling water addition via truck is required at a predetermined
level in C-106). Treated water will be used for flushing the transfer lines.
Treated water is supplied from 200 Area Power Plants, and is transported via
tanker truck. Based on Criterion 3, Table'l, Section 9, WHC-CM-4-46, this
system is classified as SC-3.

4.1.9 Compressed Air System -- SC-3

The compressed air system, as shown in Drawing H-2-818562, will provide
a source of instrument air to various components of WRSS such as pneumatically
operated valves, and a purge air supply to HEMF and other components as
required. See Drawings H-2-818559, H-2-818560, H-2-818561, and H-2-818562.
Based on the safety function this system performs and Criterion 3, Table 1,
Section 9, WHC-CM-4-46, the compressed air system is classified as SC-3.

4.2 VENTILATION SYSTEM -- SC-1

The ventilation system will provide control of temperature and humidity,
and confinement of hazardous aerosols and vapors within the C-106 tank vapor
space using a recirculation and an exhauster system (see Drawings H-2-818470
and H-2-818561, Sheets 1 through 7). The ventilation system for tank C-106
include gas bleeding from tank C-105 via the cascade line connecting the two
tanks. Gases will be monitored to ensure that the exhaust at the stack meets
ALARA principles. Leaving the existing cascade line in place avoids
personnel exposure associated with isolating or removal of this line.
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The ventilation system consists of seal Toops, carbon dioxide injection
system, recirculation and prefiltration system, chiller skid, and an exhaust
skid. The raw water and compressed air systems provide necessary support for
operation of the HVAC system. Based on the safety function that the seal loop
performs as described in Section 4.2.1, and according to the Criterion 1 of
Table 1, Section 9, WHC-CM-4-46, the ventilation system is classified as SC-1.

4.2.1 Seal Loop -- SC-1

A seal loop is provided to mitigate the tank under or over
pressurization scenario, and is designed to limit differential pressure
between C-106 vapor space and the external atmosphere. Redundant seal Toops
are provided to relieve the differential pressure if it exceeds 10.3 cm
(4 in.) w.g. in order to maintain the structural integrity of C-106.

The seal Toop is a passive design consisting of a pipe formed into a
Toop and filled with a non-freezing type of fluid. See Drawing H-2-818561,
Sheet 1 for details of the seal loop system. Based on the safety function
this system performs, and Criterion 1, Table 1, Section 9, WHC-CM-4-46, the
seal Toop system is classified as SC-1.

4.2.2 Carbon Dioxide Injection System -- SC-3

The CO, injection system provides a method of improving visibility and
control for continuity of sluicing operations in C-106. The CO, injection
system is shown on Drawing H-2-818561, Sheet 1. Based on the function this
system performs, and Criterion 3, Table 1, Section 9, WHC-CM-4-46, the CO,
injection system is classified as SC-3.

4.2.3 Recirculation and Prefiltration System -- SC-3

This system consists of a condenser, a moisture separator, a heating
coil, a recirculation fan, a high-efficiency mist eliminator (HEME) and a
high-efficiency metal filter (HEMF). Gases enter from C-106 through a 10-in.
duct with a capacity of 0.5 to 0.57 m’/s (1,040 to 1,220 scfm) and is cooled
by the condenser. Part of the flow is directed to the exhaust skid and the
balance circulates through the moisture separator, heating coil and returns to
C-106 through an 8-in. duct with a flow of 0.4 m®/s (860 scfm). The condenser
cools the recirculation and exhaust gases from C-106. The HEME and HEMF are
part of the prefiltration system, and are considered part of the exhaust
train. A portable exhauster hook-up is provided between the moisture
separator and the heating coil on the recirculation-Tine.

The compressed air and raw water supply systems are provided to support
operation of the HVAC, as required, for flushing HEME, HEMF, and other
equipment. See drawing H-2-818561, Sheets 4 and 5. More detaijled
descriptions of the support systems are provided in Sections 4.1.8 and 4.1.9.

The recirculation and prefiltration system is Tocated in a process

building. A seal pot is located in the building to collect condenser and
other equipment drains from the ventilation sysem. The overflow from the seal
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pot and the water used for flushing the HEME- and HEMF- are drained to C-106
through riser R4. ~The HEME and HEMF are flushed, as required, at a
predetermined contact dose reading of these components. The HEPA filter is
changed at a high differential across the filter or when the radiation
measurement on the housing is about 50 mrem/h. Detailed consequence analyses
for catastrophic failure of these components will be provided in the SA.

Failure of the ventilation duct in the recirculation line can result in
an unmitigated or partially mitigated leak of hazardous aerosols to the
environment. A radioactive aerosol release for 1 hour will cause potential
onsite and offsite personnel exposures as follows. .

As analyzed in Scenario 2 of Section 5.0, the offsite EDE dose is
5.3E-1 mrem because of an unfiltered release for one hour from a failure of
the recirculation line duct. This radiological consequence is within the 500
mrem Criterion 1 of Table 1, Section 9, WHC-CM-4-46. The onsite EDE dose is
5.0E-1 rem. This radiological consequence is within the 5 rem Criterion 2 of
Table 1. The time to reach SC-2 Criterion 2 of Table 1 would be equal to
10 hr. Based on the function this system performs, and Criterion 3, Table 1,
Section 9, WHC-CM-4-46, the recirculation and prefiltration system is
classified as SC-3.

4.2.4 Chiller Skid -- SC-3

This skid consists of an air cooled chiller and a glycol cooling system.
The glycol cooling system consists of make-up storage tank, air separator,
expansion tank, and circulating pumps. The propylene glycol solution is used
to cool the ventilation recirculation and exhaust gases via the condenser (see
Section 4.2.3). The glycol solution is cooled by the air cooled chiller
system. Based on the function this skid performs, and Criterion 3, Table 1,
Section 9, WHC-CM-4-46, the chiller system is classified as SC-3.

4.2.5 Exhaust Skid -- SC-3

This skid directs exhaust air from the prefiltration system through an
electric heating coil, two HEPA filters with a test section for each filter,
an exhaust fan, and a stack. The stack includes a ventilation exhaust )
radiation monitoring system as described in Section 4.3. Failure of the
exhaust skid has the potential for a release of radioactivity to the
environment without detection. However, the onsite EDE consequence for an
unfiltered release from the exhaust skid (assuming malfunction of HEPA
filters) will be equivalent to 2.0E-1 rem [2.0E-1 rem is derived from Section
4.2.2 as follows: 5.0E-1 rem x 350 cfm (flow in exhaust duct)/860 cfm (flow in
recirculation duct)]. The time to reach the SC-2 criterion of Table 1,
Section 9.0, WHC-CM-4-46 will be equal to 24.6 hr. If the HEPA is assumed to
function as designed, then the consequence due to the release through the
stack will be minimal. Based on the function of the skid, and Criterion 3,
Table 1, Section 9, WHC-CM-4-46, the exhaust skid is classified as SC-3. '
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4.3 VENTILATION EXHAUST RADIATION MONITORING SYSTEM -- SC-3

The ventilation exhaust radiation monitoring system (VERMS) consists of
a flow sensor along with a temperature sensor, particulate and iodine filters,
a continuous air monitor (CAM) and record samplers. The safety function of
the VERMS is to monitor and record the airborne radionuclide discharge from
the C-106 ventilation system and alarm when limits are exceeded (see Drawing
H-2-818561 Sheet 7). This is accomplished by continuous monitoring of the
ventilation exhaust. The VERMS has the potential to detect and partially
mitigate (by system shutdown) a radioactive aerosol leak resulting from a
HEPA filter failure.

The CAM will povide alarm upon its failure to function or upon failure
of normal AC power to the CAM. HVAC is shutdown upon detection of high
radiation by CAM that could potentially occur during failure of HEPA filters.
In addition, HVAC is shutdown automatically by the seismic switches during
onset of a seismic event. Therefore, no monitoring is required after a
seismic event. . '

The failure of the VERMS would prevent detection of an accidental
release of radioactivity. However, the onsite EDE consequence for an
unfiltered release from the exhaust skid (assuming malfunction of HEPA
filters) will be equivalent to 2.0E-1 rem [2.0E-1 rem is derived from Section
4.2.2 as follows: 5.0E-1 rem x 350 cfm (flow in exhaust duct)/860 cfm (fiow in
recirculation duct)]. The time to reach the SC-2 criterion of Table 1,
Section 9.0, WHC-CM-4-46 will be equal to 24.6 hr. If the HEPA is assumed to
function as designed, then the consequence due to the release through the
stack will be minimal. The operator will take necessary action based upon CAM
failure alarm, either to shut down the HVAC system or to repair the CAM.

Based on the safety function that this system performs and Criterion 3 of
Table 1, Section 9, WHC-CM-4-46, the VERMS is classified as SC-3.

4.4 IN-TANK IMAGING SYSTEM -- SC-3

An in-tank imaging system will be used in C-106 to locate tank sludge
accumulations during the sludge removal process (see Drawing H-2-818559, Sheet
2). The imaging system will facilitate maintaining the minimum possible
Tiquid level. The imaging system is intended to enable operators to aim the
sluicer at the remaining waste while minimizing the Tiquid level.

The imaging system will provide operations personnel in the control room
with near real time views (within 5 min. of real time) of inside the tank.
This imaging system will be capable of providing images (through the fog
caused by sluicing) with a resolution of 5.08 cm (2-in.) at the maximum
in-tank range of 21.3 m (70 ft).

A portable imaging system will be provided to periodically monitor
integrity of the interior of process pits through the valve handle holes in
the cover blocks. The system will be used for determining pit conditions
before opening for maintenance, leak verifications, or inspecting equipment
conditions.
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Failure of the:- imaging system would impact.ALARA principles, based on
Criterion 3, Table 1, Section 9, WHC-CM-4-46; therefore, this system is

classified as SC-3.

4.5 AC POWER SYSTEMS -- SC-3

Electrical systems provide AC power for C-106 and AY-102 as described in
the following sections.

. 4,5.1 AC Power for C-106 -- SC-3

Power from the Hanford Site Power Grid will be used to provide 480 V AC
via a portable substation, skid-mounted on a concrete slab outside the fence,
near the C farm (see Drawings H-2-818680 and H-2-818681). The existing 13.8
kV pole Tine C8-L6 will be extended from the pole line north of the tank farm
to the east side of the C tank farm. The new portable substation will include
a transformer, switchgear, and two motor control centers.

The AC power system provides electrical power to components for C-106
systems, instrumentation and controls (see Table 4-1). Failure of normal
power will secure the slurry pump, heel pump, and HVAC including
instrumentation and controls, and will place these components in a safe
shutdown condition. The AC power system for C-106 is classified as SC-3 based
on the safety function that this system performs, and Criterion 14 of Table 1,
Section 9, WHC-CM-4-46.

4.5.2 AC Power For AY-102 -- SC-3

Normal 480 V AC power will be provided by using the existing 13.8 kV
pole line C8-L6. This Tine will be tapped to supply a new 13.8 kv to 480 V
transformer. A 480 V line will be used to supply power to the sluice pump
Jocated in AY-102. The power panel will be located in a new skid mounted
enclosure located outside the fenced area of 241-AY tank farm and AY-102. See
Drawings H-2-818693 and H-2-818694.

The AC power system provides electrical power to components for AY-102
systems, instrumentation and controls (see Table 4-1). Failure of normal
power will secure the sluice pump including instrumentation and controls, and
will place these components in a safe shutdown condition. The AC power system
for AY-102 is classified as SC-3 based on the safety function that this system
performs, and Criterion 14 of Table 1, Section 9, WHC-CM-4-46.

4.6 INSTRUMENTATION AND CONTROL -- SC-1

This section discusses existing and new instrumentation systems required
for monitoring and control of the WRSS. See Drawings H-2-818559, H-2-818560,
H-2-818561, and H-2-818562.

Existing instrumentation for tank 1liquid-level (FICs and manual tapes),
temperature, pressure/vacuum, and leak detection systems (such as dry wells),
will be used as required to monitor operating conditions in C-106 and AY-102
during the WRSS operation. The FIC is currently being phased out and replaced
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with the Enraf series 854 level gauge. The Enraf gauge is a high precision,
Jow maintenance device that determines waste level by detecting variations in
the weight of a displacer suspended in the tank waste. The existing tank
monitoring systems will be extended to the WRSS control room for operator
convenience. Safety classifications for these systems are based on the SST
and AWF SELs (Kidder 1993b and 1993a), and are summarized in Tables 4-2 and
4-3.

Instrumentation will monitor and control the facility retrieval and
transfer operations, HVAC, and support systems necessary to perform all
functions required to mobilize, retrieve and transport C-106 waste.
Instrumentation will be designed for its intended service and will be
qualified for the environmental conditions in which it is required to
function. The following paragraphs provide brief descriptions of
instrumentation and control for SWTS, ventilation system, and VERMS
described in Sections 4.1, 4.2, and 4.4. In addition, instrumentation and
control descriptions for the transfer system interlocks, leak detection
system, sluicing control room are also provided in the following sections.
Justification for safety classification of the instrumentation and control is
provided in Section 4.6.9, Instrumentation Failure Modes and Effects.

4.6.1 Sluicing Waste Transfer System -- SC-1

As noted in Section 4.1, the SWTS consists of seismic switch, primary
transfer pipes, secondary transfer pipes, slurry distributor, syphon
protection, waste transfer pits, waste trasfer equipment in pits (pumps,
valves, jumpers, etc.), raw water and compressed air supply systems. The
instrumenatation and control necessary for operation of SWTS and its various
components are briefly described in the following subsections. Descriptions
for the raw water system and compressed air system instrumentation are
provided in Sections 4.6.2 and 4.6.3. There are no instrumentation and/or
controls associated with the slurry distributor and syphon protection.

Seismic Switch. Two sets of redundant seismic switch modules are
jnstalled, one set at C farm and the other set at AY farm. At the onset of a
seismic activity, the respective motor control centers (MCCs) supplying power
to each of the farms will shut down the WRSS operation. The MCC at C farm
shuts down the slurry pump, heel pump, HVAC for C-106, and WRSS slurry
transfer system. The MCC at AY farm shuts down the sluice pump and the WRSS
sluicing system. See Drawing H-2-818558 Sheet 4 for interlock details, and H-
2-818559 Sheet 1 and H-2-818560 Sheet 7 for the details of the seismic switch
modules in the respective farms. Each of the seismic switch module consists
of a seismic detection unit, a magnetic contactor assembly, temperature
switches, an air conditioning unit, and a unit heater. Alarms will annunciate
to alert the operator of abnormal situations.

Sluice Pump. The variable speed submersible sluice pump monitoring and
control instrumentation, as shown on Drawing H-2-818560, Sheet 2, will be
located in the WRSS control room. A remotely operated winch will be provided
for the sluice pump. This will allow operators to raise or Tower the pump,
from the control room, to accommodate liquid level changes in AY-102. Pump
discharge pressure, viscosity, and flow/density indications will be provided
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for-operator information. Alarms will annunciate: to-alert the-operator of
abnormal situations.

Engineered features will be provided that will allow aiming either of
the sluicers at the waste contained in the tank and prevent aiming the
sluicing stream at the tank walls and in-tank equipment. Operation of the
sluicer aiming control in the control room will be facilitated by the remote

imaging system.

Slurry Pump. Variable speed controls will be provided for the
submersible slurry pump. The heel pump will also be a variable speed
submersible pump and will be provided with similar controls. See Drawing
H-2-818559, Sheets 2 and 3. A remotely operated winch will be provided for
each pump. This will allow the operator to raise or lower the pump from the
control room, to accommodate slurry height changes. Instrumentation will be
furnished to monitor pump discharge flow/density, viscosity, and pressure.
Alarms will annunciate to alert the operator of abnormal conditions. The
discharge of either the slurry or heel pump may be aligned by remotely
operated valves to recirculate or discharge to AY-102.

4.6.2 Raw Water System -- SC-3

Treated water will be provided via trucks and supplied through hose
connections to flush the transfer piping system. Raw water will be used to
flush equipment and other components. See Drawings H-2-818559, H-2-818560,
H-2-818561, and H-2-818562. Flushing of the transfer piping will be
controlied by the operator through the use of remotely operated valves.
Radiation monitoring capabilities will be provided on raw water lines that
come in contact with a radioactive environment or that have potential for
contamination.

4.6.3 Compressed Air System -- SC-3

The compressed air system, as shown in Drawing H-2-818562, will provide
a source of instrument air to various components of WRSS such as pneumatically
operated valves, and purge air supply to HEMF and other components as
required. See Drawings H-2-818559, H-2-818560, H-2-818561, and H-2-818562.
Controls and indication for the compressed air system are located in the WRSS
Instrument and Controls Building. The air compressor is a vendor supplied
package.

4.6.4 WRSS Leak Detection System -- SC-3

New leak detection sensors shown on Drawings H-2-818559 and H-2-818560
will be provided for Pump Pit 241-C-06A, Heel Pit 241-C-06B, Sluice Pit
241-C-06C, and Sluice Pit 241-AY-02E. These sensors will shut down the WRSS
pumps upon detection of leaks in the pits, and provide signals for alarm and
interlock functions. The interlock functions are shown on Drawing H-2-818558
sheet 4, and are discussed in Section 4.6.6.
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The transfer encasement piping is provided with a leak detection system
that will shut down the WRSS pumps upon detection of leakage collected in the
encasement piping due to a primary piping failure. The leakage that is
collected in the encasement piping will drain by gravity to the respective pit
connected to the piping and return to C-106. A remotely operated valve will
be located in the encasement drain line for each pit to permit the operator to
jsolate the encasement line from the pit for leak containment or pressure
testing.

4.6.5 Transfer System Interlocks -- SC-3

The interlocks are shown on Drawing H-2-818558, Sheet 4. The seismic
activity as detected by seismic detectors in C and AY farms will shut down the
WRSS. The leak detection system and radiation monitoring system associated
with transfer lines and pits will be integrated with a misrouting prevention
system. The leak detection interlocks, as described in Section 4.6.5, will
shut down the WRSS pumps. The misrouting prevention sysiem interlocks will
abort either slurry transfer or supernatant transfer preventing an unplanned
addition of water for flushing, and preventing addition of water during
sluicing operation. New and existing tank farm and sluicing interlock
functions required to maintain safe operations and effect a safe shutdown are
provided. The HVAC interlocks are described in Section 4.6.7.5.

4.6.6 HVAC System -- SC-3

The HVAC system will consist of seal loops, CO, injection system, a
recirculation and prefiltration system, and an exhauster system. See Drawings
H-2-818470 and H-2-818561, Sheets 1 through 7.

4.6.6.1 Seal Loop System. Redundant seal loops are provided to mitigate the
tank under or over pressurization scenario, and are designed to limit
differential pressure between C-106 vapor space and the external atmosphere.
The seal loops will relieve the differential pressure if it exceeds 10.3 cm (4
in.) w.g. and will maintain the structural integrity of C-106. A level gauge
is provided to monitor the fluid level in each loop. Failure of the Tevel
gauge will not prevent the seal loop to perform its safety function as noted
in Section 4.2.1.

4.6.6.2 Recirculation and Prefiltration System. The recirculation and
prefiltration system is described in Section 4.2.3. Instrumentation will be
provided to monitor the condenser differential pressure, condenser inlet
temperature, condenser outlet temperature, heater outlet temperature, fan
differential pressure and fan motor current. Position switches will function
to provide backdraft damper position indication. Instruments are also
provided for monitoring HEME differential pressure, HEME outlet temperature,
and HEMF differential pressure.

Heater controls will be capable of regulating air flow from 10 °F to
60 °F above the entering airstream temperature. The heater will be equipped
with an internal high-high temperature cutout switch, an internal flow switch,
and a manual cutout switch.
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The condenser cooling system-controls will allow-the.ventilation gas
stream to be cooled from 35 °C to 4.5 °C (95 °F to 40 °F) by use of a 40%
propylene glycol solution. '

4.6.6.3 Exhaust System. The exhaust system consists of an electric heater,
two HEPA filters with a test section for each filter, a variable speed exhaust
fan, and an exhaust stack (see Drawing H-2-818561, Sheets 6 and 7). The VERMS
is part of the stack and is discussed in Section 4.6.7.

The instruments provided for monitoring this system include heatér inlet
and outlet temperature, HEPA filter differential pressure, fan inlet
temperature and fan inlet damper position.

The heater controls will serve to increase the 40 °F air stream
temperature to 70 °F and reduce the relative humidity to 34%. An internal
high-high temperature switch, an internal low flow switch, and a manual cutout
switch will also be furnished.

Variable speed fan controls will be used to control tank pressure to
about -3.8 cm (-1.5 in.) w.q.

4.6.6.4 HVAC System Controller and Interlocks. The HVAC system controller
will, at a minimum, provide and perform the following functions:

° Differential pressure indication and alarm for process related
HEPA and adsorption filtration units

° Vacuum monitoring and control system capable of throttling
adjustments and/or HVAC shutdown on tank ventilation system
failure

. Isokinetic monitoring station at HVAC exhaust stack to monitor
radiation ’

. Emissions monitoring at HVAC exhaust stack to meet 40 CFR 61
"National Emission Standards for Hazardous Air Pollutants,”
Subpart H, and referenced requirements.

The HVAC system controller will provide diagnostic information relating
the system performance and status. Should the operations be automatically
terminated or fail to restart upon demand, the cause of the shutdown or
failure will be clearly identified.

An interlock will be provided to cause shutdown of the exhaust fan when
a high radiation condition is detected by the VERMS.

4.6.7 Ventilation Exhaust Radiation Monitoring System

Instrumentation and control for VERMS are shown on Drawing H-2-818561
sheet 7. The exhaust flow, temperature, and radiation monitoring
instrumentation are provided as part of VERMS. The interlock that shuts down
the exhaust fan upon detection of high radiation is shown on Drawings
H-2-818558 Sheet 4, and H-2-818561 Sheet 7.
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4.6.8 Sluicing Control Room -- SC-3

The WRSS control room will contain control panels with monitoring and
control instruments associated with the WRSS. This includes graphic display
depicting the sluicing and waste transfer between C-106 and AY-102, sluicing
controls, an in-tank remote imaging system monitor and controls, and a
surveillance system monitor and associated controls. The control room will
also provide instrumentation for monitoring HVAC, electrical, raw water and
compressed air systems for WRSS.

Selected alarms and interlocks for leak detection of the transfer Tines
and pits, anomalous pressure conditions of the tank and HVAC filtration
system, anomalous radiation levels, and HVAC ventilation system shutdown will
be provided, and will alarm in the sluicing control room and to the Tank
Monitor and Control System (TMACS) located in 2750-E Building. The location
of leak detection system failure or misrouting will be alarmed on the graphic
display by the misrouting prevention system. Alarms will be audible/visible
within the tank farm.

4.6.9 Instrumentation Failure Modes and Effects

The failure modes and effects analysis (FMEA) of instrumentation
(primary elements) was performed to determine their safety classifications.
The analysis is based on the functions of the system, and associated
instrumentation, using available information from system descriptions, and
drawings. The effects of the failure mode(s) are determined, consequences of
the failure on system safety functions are evaluated, and the SC is
determined. '

Safety classification of the instruments is determined based on failure
caused by loss of monitoring, indicating, transmitting, control or similar
functions. Cross damage effects of instruments have been performed to the
extent possible with available documentation. In cases where the available
documentation did not permit detailed analysis of cross damages, instruments
have been classified based on operational functions and engineering
judgement. Final cross damage analyses are required to be performed in the
future based on system walkdowns and/or as-built documentation.

SC-1 instrumentation and controls associated with the seismic switch
SC-1 system is described in Sections 4.1.1 and 4.6.7.2. The safety
classification of other instrumentation described in Section 4.6 has been
determined to be SC-3. This is based on the classification of the systems
noted in Sections 4.1.6, 4.1.7, 4.1.8, 4.2, 4.3, and 4.4, and also based upon
ALARA principles of Criterion 3 of Table 1, Section 9, WHC-CM-4-46.
Justification for each of the primary elements and associated instrumentation
and controls is also included in Appendix B. As definitive design details are
developed for the WRSS, FMEA for the additional instrumentation and/or
controls will be performed. This SEL will be updated to jncorporate the
results of the FMEA for the additional instrumentation and controls.
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4.7- EQUIPMENT REMOVAL SYSTEM:-- SC-3:

The Equipment Removal System (ERS) will be used to remove the existing
installed equipment, such as pumps, within pits 241-C-06A, 241-C-06B, and
241-AY-02E. .

The ERS will be comprised of five major systems: water washing or CO,
decontamination system; the flexible receiver system; the strongback system;
the equipment storage containers; and the container transport trailer. Other
components such as equipment storage and disposal containers, shield plugs,
and 1ifting fixtures, will also be designed and fabricated as necessary to
support the equipment removal effort.

The existing pumps from each of the referenced pits will be extracted by
using ERS, double bagged, and placed within a container. - Containers are then
transported to onsite storage facilities using a strongback. If the
strongback gets contaminated during ERS operation, the container transport
trailer will be used to move the container to the onsite storage facilities..
Because the activities described under ERS (see Section 5.1 of the safety
evaluation, Conner 1994, for more details) involve extraction, transportation
and storage of contaminated equipment removed from within C-106 and AY-102
tanks, the ERS has been classified as SC-3 based on equipment packaging dose
consequence analysis in Appendix G, and ALARA principles based on Criterion 3,
Table 1, Section 9, WHC-CM-4-46.

4-21

e g . W . e N AW ¢ G ereepp o Mg R v o N L MWK o g BT, L mary i e, me L T g s e mmpw X A et o g 4 B s R R AN PG Ag-AE WS v Y vwepees Wew s xm3 W~ Am W



WHC-SD-WM-SEL-033, Rev. 1

This page intentionally left blank

4-22



WHC-SD-WM-SEL-033, Rev. 1

5.0 ACCIDENT SCENARIO DESCRIPTIONS

The analysis in Appendix F is based on the radioactive inventory data
presented in WHC-SD-WM-TI-543, Radionuclide and Chemical Inventories for the
Double Shell Tanks (Van Vleet 1993a), and WHC-SD-WM-TI-565, Radionuclide and
Chemical Inventories for Single Shell Tanks, (Van Vlieet 1993b). As noted in
Bander 1993a and 1993b, the radiogenic heat load is 32.2 kW (110,000 Btu/h).
The calculated heat Toad due to radioactive elements in C-106 based on data
from Van Vlieet 1993b is dominated by decay of **Sr and '*’Cs with negligible
contribution from other radionclides, and is equivalent to 13.4 kW; 12 kW from
%Sy and 1.4 kW from '¥’Cs. The radioactive inventory data in Van Vlieet 1993b
are suspect values according to Bander 1993a and 1993b. This introduces a
scaling factor of 2.4 due to the discrepancy between radiogenic heat load in
the Bander reports and the estimated heat load from the current radioactive
inventory in C-106. Characterization of C-106 is scheduled to be completed in
the near future. Until such time as the new characterization data for C-106
is available, the 2.4 scaling factor must be applied to the estimated EDE
values in Appendix F. According to the guidelines in WHC-CM-4-46, the EDE
values for postulated accidents are used for determination of safety
classification of WRSS and radiological risk acceptance. The risk is based on
the frequency of occurrence of accidents and the consequence. Therefore, the
EDE values estimated for various accident scenarios in Appendix F are
multiplied by the scaling factor of 2.4, and are summarized as follows:

Scenarios la and 1b: Waste transfer supply line and return line breaks with a
release time of 2 hours:

The simultaneous postulated failures of both supply and return lines are
assumed to be detected by a material balance discrepancy during a seismic
event. The maximum postulated leak is calculated to be 3.28E+5 L (8.66E+4
gal). For safety classification purposes, it is further assumed that the
entire leak is released to the environment. The resulting EHSC value (Step
B.1 of Appendix F) is 1,100,000 x 2.4 = 2,640,000 and EDE offsite and onsite
dose values (Steps A.la & A.1lb) are 8.4E-1 mrem x 2.4 = 2 mrem and
8.1E-1 rem x 2.4 = 1.9 rem, respectively. See Scenarios lc and 1d following
for transfer system safety classification.

Scenarios lc and.ld: Waste transfer supply line and return line breaks with a
seismic switch shutdown and release time of 10 seconds:

The simultaneous postulated failures of both supply and return lines are
assumed to be detected by a material balance discrepancy during a seismic
event. The maximum postulated leak is calculated to be 1.4E+4 L
(2.76E+3 gal). For safety classification purposes, it is further assumed that
the entire leak is released to the environment. The resulting EHSC value
(Step B.2) is 20,000 x 2.4 = 48,000, and EDE offsite and onsite dose values
(Step A.lc & A.1d) are 4.2E-2 mrem x 2.4 = 1.0E-1 mrem and 8.0E-2 rem x 2.4 =
1.9E-1 rem, respectively. Based on evaluations in scenarios la through 1d,
and a seismic switch shutdown feature in place. Using a release time of 10
sec, the time to reach the SC-1, Criterion 1, Table 1, Section 9, WHC-CM-4-46;
500 mrem for offsite individual), will be equal to 13.8 hr
[500 mrem / 1E-1 mrem x (3,600 sec/hr /10 sec)], and the time to reach the
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SC-2, Criterion 2, Table 1; 5 rem for an onsite individual) will be equal to
4.3 min [5 rem/1.9E-1 rem x (60 sec/min/10 sec)]. Because the estimated time
(4.3 min) to reach SC-2 criterion does not provide sufficient time to
implement recovery actions (cover/cleanup contaminated area), the primary
waste transfer line (inner pipe) provides an SC-2 safety function.

Scenario No. 2: Unfiltered release caused by recirculation duct failure:

The HVAC System for C-106 will be classified as SC-3 because the
calculated offsite EDE dose value of 2.2E-1 mrem x 2.4 = 5.3E-1 mrem, based on
an unfiltered release for one hour, is within the allowable limit of 500 mrem,
according to Criterion 1 of Table 1, Section 9, WHC-CM-4-46, and the
calculated onsite EDE dose value of 2.1E-1 rem x 2.4 = 5.0E-1 rem is within
the allowable 1imit of 5 rem based on Criterion 2 of Table 1. EHSC
calculation was not performed as noted in Scenario 2, Step B.2 in Appendix F
because impact to soil contamination is insignificant. In addition, the time
to reach SC-2 Criterion 2 of Table 1 is equal to 10 hr.

Scenario No. 3a: Jumper or connector break inside the pit with cover block
off, with a release time of 2 hours:

The calculated offsite EDE dose value of 3.1E+3 x 2.4 = 7.4E+3 mrem
exceeds the allowable 1imit of 500 mrem based on the Criterion 1 of Table 1,
Section 9, WHC-CM-4-46. The calculated onsite EDE value of 2.9E+3 x 2.4 =
7.0E43 rem exceeds the allowable limit of 5 rem based on the Criterion 2 of
Table 1, Section 9, WHC-CM-4-46.

Scenario No. 3b: Jumper or connector break inside the pit with cover block on,
with all openings closed, and a release time of 8 hours:

The calculated offsite EDE dose value of 1.6E-4 mrem x 2.4 = 3.8E-4 mrem
is well within the allowable limit of 500 mrem based on Criterion 1 of Table
1, Section 9, WHC-CM-4-46. Also, the calculated onsite EDE dose value of
1.5E-4 rem x 2.4 = 3.6E-4 rem is well within the allowable Timit of 5 rem
based on Criterion 2 of Table 1. Therefore, if the pit covers are installed
before any transfer operation via the jumpers/connectors within the pit, there
is no impact to health and safety of personnel or to the environment. 1In
order to ensure safety of personnel or prevent any impact to the environment,
the pit covers are required to be installed and remain in place while
performing the transfer per Section 3.6.1 of WHC-SD-WM-OSR-005 (Dougherty
1993). 1In addition, lock and tag procedures per Section G-1, "Energy Control
Program (Lock and Tag)," Industrial Safety Manual, WHC-CM-4-3, will be
implemented to ensure safety of the personnel and the environment.

Scenario No. 3c: Jumper or connector break inside the pit with cover block on,
with a 2 inch valve handle hole open, and a release time of 8 hours:

The calculated offsite EDE dose value of 6.5E-2 mrem X 2.4 = 1.6E-1 mrem
is well within the allowable Timit of 500 mrem based on Criterion 1 of Table
1, Section 9, WHC-CM-4-46. Also, the calculated onsite EDE dose value of
6.2E-2 rem 2.4 = 1.5E-1 rem is less than the allowable 1imit of 5 rem based on

Criterion 2 of Table 1.
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GLOSSARY

ABBREVIATIONS AND ACRONYMS

AC
ALARA
AWF
AY-101
AY-102
C-106
CAM
CASS
CF

DOE
DOE-RL
DST
EDE
EHSC
EP

ERS
FDC
FIC
FMEA
GENII
HEME
HEMF
HEPA

A g T ¥y

alternating current

as low as reasonably achievable

Waste Facility

Tank 241-AY-101

Tank 241-AY-102

Tank 241-C-106

continuous air monitor

computer automated surveillance system
conservative multiplication factor
U.S. Department of Energy

U.S. Department of Energy-Richland Field Office
double-shell tank

~ effective dose equivalent

environmental hazard Safety Classification
Engineering Procedure

equipment removal system

functional design criteria

Food Instrument Corporation

failure mode and effects analysis

- a radiation dosimetry computer system

R d TN .

high-efficiency moisture eliminator
high-efficiency moisture filter
high-efficiency particulate air
heating, ventilation and air conditioning
interim operational safety requ1rement
interim safety basis

liquid-level detector element

motor control center

million joules

Management Requirements and Procedures
operational safety requirement

piping and instrumentation diagram
preliminary hazards analysis

plume meander

preliminary safety evaluation
plutonium-uranium extraction

safety assessment

safety analysis report

Safety Classification

supporting document

safety equipment list

Nuclear Safety and Quality Assurance
single-shell tank

sluicing waste transfer system

tank monitoring and control system
ventilation exhaust radiation monitoring system
Washington Administrative Code
Westinghouse Hanford Company

waste retrieval sluicing system
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UNITS OF MEASURE AND METRIC CONVERSION CHART

1f you know Multiply by To get

Length ’
centimeters 0.393 inches
meters 3.2808 feet
kilometers 0.62 miles

‘Area
square kilometers 0.39 square miles
square meters 10.763915 square feet
square centimeters 0.1550003 square inch

Mass (weight)

grams 0.0352 ounces
kilograms 2.2046 pounds
milligrams 2.2046226E-6 pounds

Volume
liters 0.26 gallons
cubic meters 35.3147 cubic feet

; Temperature
Celsius multiply by 9/5ths, then add 32 Fahrenheit
Joules 9.47E-4 British thermal unit
kilowatts 3412.14 British thermal unit
Pressure
kilograms per-square-centimeter 14.223334 pounds per-square-inch
Pascal 2.952E-4 inch Mercury
Pascal 4.0147E-3 inch water gauge
Flow Rate

meters per-second 3.2808398 feet per-second
meters per-second 2.2371364 miles per-hour

Source: CRC Handbook of Chemistry and Physics, Robert C. Weast, Ph.D., 70th Ed., 1989-1990,
CRC Press, Inc., Boca Raton, Florida.
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DEFINITIONS OF TERMS

Component--That which makes up equipment, a part of the equipment. (See
example following.

It is not always evident if a criterion is an equipment, component, or
part. The examples following should help in item classification.

System Equipment Component Part
Compressed air Compressor Fuel pump Diaphragm
AC power Motor control Circuit breaker | Contacts

center
Primary tank ventilation | Valve Stem Screw
Primary tank ventilation | Condensers Valve Seat
Tank Primary tank Penetration Gasket

Confinement Area. An area having structures or systems from which
releases of hazardous materials are controlled. The primary confinement
systems are the process enclosures (glove boxes, conveyors, transfer boxes,
other spaces normally containing hazardous materials), which are surrounded by
one or more secondary confinement areas (operating area compartments)..

Confinement System. The barrier and its associated systems (including
ventilation) between areas containing hazardous material and the environment
or other areas in the facility that are normally expected to have Tevels of
hazardous materials lower than allowable concentration limits.

Equipment--That which makes up a system, a part of the system (See
examples under component).

Function--The action of a part, or related actions of a system, making
some desired contribution to the economy of a larger system.

"Interim--The time duration between publication of this document and when
Safety Classifications will be referenced in Section 4 of Safety Analysis
Report.

[I0SR]"--The notation [I0SR]" has been designated for those systems,
components, and structures important to health, safety, and environmental
protection, but, for which current analyse$ are not sufficient to establish
the Safety Classification. Such items shall be treated as Safety Class 3,
with additional designation as Operational Safety Requirements (OSR) related.
The additional OSR designation will ensure the priority and funding for
continued operation and maintenance of these items consistent with OSR
requirements (IOSR where applicable).

The [IOSR]" Safety Classification will be replaced to be consistent with
the requirements of MRP 5.46, as analyses are completed to establish definite
Safety Classifications. In the interim, approval requirements shall include
Nuclear Safety and Quality Assurance (SQ), as a minimum, and Environmental
Assurance (E) where deemed appropriate.
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Item--A system, structure, equipment, component, or part.

Normal AC Power--A term used in some WHC documents to denote electricity
taken from the northwest power grid and reduced in voltage for use in the
Hanford Site power grid.

0ffsite Individual--The offsite individual is the maximally exposed
offsite individual hypothetically located at the Hanford Site boundary.

Onsite Individual--The onsite individual is the maximally exposed onsite
individual hypothetically located at least 100 meters from the release point.

Part--That which makes up components, typically, considered the lowest
level of replacement when. performing maintenance or repair (see examples under
component).

Recovery Time--The time estimate for operator detection and mitigation
used to calculate the consequences of accident senarios.

Safety Classification--The process for designating the Safety Class (SC)
of systems, structures, equipment, components, and parts.

Safety Equipment List (SEL)--A list that provides the Safety
Classifications for specific systems, structures, equipment, components, and
parts. The Safety Equipment List is published as a Supporting Document.

structure--An enclosure that houses equipment and/or personnel, and
which provides protection from external elements. Structure also includes
equipment supporting components such as cross-bracing, steel members, hangers,
and supports.

Supernatant--Liquuid waste floating on the surface of the heavier
sludge.

System--A definable collection of equipment acting together to perform a
particular function(s).
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APPENDIX A
STRUCTURE SAFETY CLASSIFICATION

The standalone seismic switch enclosures are located outside the C-106
“and AY-102 tank farm boundaries; each containing the redundant seismic units.
The enclosures have two independent compartments. Each compartment will
contain an independent seismic switch unit. A barrier wall is provided
between the two compartments. The enclosures are designed for missile
protection in accordance with SC-1 requirements of HPS SDC 4.1 (DOE-RL 1989).

There are no other new SC-1 or SC-2 structures provided as part of the
WRSS. The support structures/elements needed for the primary transfer system
(inner pipe) will be designed per the respective system Safety Classification
and its safety function requirements. The secondary transfer system
(encasement or outer pipe) support structures/elements will meet SC-2 QA and
Structural/Seismic requirements, similar to primary transfer pipe. Temporary
trailers such as change room are not addressed in this document.
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APPENDIX B

EQUIPMENT SAFETY CLASSIFICATION
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LEGEND FOR APPENDIX B TABLES

1. Facility: WRSS, Waste Retrieval Sluicing System
2. System (corresponds to systems in Table 4-1)

- ENC Secondary Transfer Lines; these lines. are identified as
encasement (ENC) pipes on P&IDs.

- EQ Equipment such as pumps, valves
- ERS Equipment Removal System
- LDS Leak Detection System

- PL  Primary Transfer Lines; includes SL (slurry) and SN
(supernatant) lines shown on P&IDs.

- RW Raw Water System
- SD  Slurry Distributor
SWTS Sluicing Waste Transfer System

)

3. System Safety Class justification: Number 4.x.x refers to the Section
numbers under Section 4.0.

4. $ (under Tag No. column): Items on hold.

5. "x" (ynder SC column): Safety classification of equipment/component to
be determined pending resolution of Raytheon Engineering and
Constructors’ memo No. PM-94-095.

6. Other terms used are self-explanatory.
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APPENDIX C

COMPONENT SAFETY CLASSIFICATION

None; Safety Classifications for components will be determined later.
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APPENDIX D

PARTS SAFETY CLASSIFICATION

None; Safety Classifications for parts will be determined later.

D-1

R T A e o T N B T e el sore T e
fen T . Lt x

e
SRETT



WHC-SD-WM-SEL-033, Rev. 1

This page intentionally left blank

D-2



E - e ¥ s o i el di

s gL ARy ST e T ARWELEL als I E g e, Sy Y 2
LS 7 - B L L A .

WHC-SD-WM-SEL-033, Rev. 1

APPENDIX E

SOURCE TERMS
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C-106 Radionuclide Inventory Data (Van Vieet 1993b)

Table E-1.
SAMPLE TYPE Drainable Interstitial Liquid Sludge/Slurry Solids TANK INV.
SAMPLE DATE 05/19/86 05/19/86 05/19/86
DENSITY g/ml 1.43
VOL. (1E+3 gal) 16 197 213
voL. (L) 6.06E+4 7.46E+5 8.06E+5
UNITS . Ci/L Bag/L Bg Ci/g Bq/L Bg Bq
cl4 3.51E-1 1.30E+4 7.87E+8 2.32E-4 1.236+4 9.12E+9 9.94E+9
o0 <1.276+1 | 4.70E+5 2.856+10 | 8.88E-1 4.50E+7 3.51E+13 3.51E+13
sr89/90 1.65E+3 6.11647 | 3.70e+12 | 1.98E+43 1.05E+11 7.82E+16 7.82E+16
1c99 1.41E+2 5.22€+6 | 3.16E+11 | 2.19E-1 1.16E47 8.64E+12 8.96E+12
1128 1.40E-2 5.186+2 | 3.14E+7 8.10E-5 4.29E+3 3.20E+9 3.23E+9
csld7 2.78E+4 1.03E+9 6.236+13 | 3.30E+2 1.75E+10 1.30E+16 1.30E+16
U-Nat 9.58E-1 2.50E+1 1.52E46 | 4.09E+2 1.53E+4 1.14E+10 1.14E+10
g/l g/g
py239/240 9.78E+2 3.62E+7 2.206+12 | 2.69E+0 1.42E+8 1.06E+14 1.08E+14
Am&41 <1.39E+1 | 5.14€+45 3.126+10 | 1.05€+0 5.56E+7 4.156+13 4.15E+13
Total &
Total B
Total 7 2.78E+4 1.03649 | 6.236+13 | 3.63E+2 1.92E+10 1.43E+16 1.44E+416
E-5
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Table E-2. AY-101 Radionuclide Laboratory Data (Van Vieet 1993a)
SAMPLE CC SUPER | CC SUPER COMPLEXANT Supernatant SLURRY
CONCENTRATE
SOLIDS
SAMPLE DATE Feb. 1985 March 1987 March 1985 July 1988
REFERENCE # 65453-85-41 65453-87-96 | 65453-85-53 12221-PCL88-169
SAMPLE # R-3641 R-3641 10062387 R-3642 R-8371
By .Al By APDU CPLX
Cob0 NA
sr89/90 2.00E+5 - 1.44E+5 1.1E+4 9.87E+6* -
7¢99 . - 19.6 - - -
1129 - - <0.15 - - -
csi37 2.20E+6 - 1.15E+5 5.2E42 1.09E+5 1.54E+4
U-Nat. 7.83E-3 - - 2.26 - -
py239/240 1.21E+1 4.2 4.03E-3 6.77E+1 .- -
pu24l - 1.60E+1 - - - -
AmZ41 3.03+1 1.60E+1 NR 3.01E+2 - -
Total - - - - 4.80E+2 6.51E+3
Total B - - - - - -
* Assume all Sr&* of 0.07 g/L is Sr-90.
NA Not Analyzed
NR Not Reported

A1l units are in Ci)L unless otherwise indicated.
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Table E-3. AY-102 Radioactive Nuclide
Laboratory Data (Van Vleet 1993a)
SAMPLE CORE
SAMPLE DATE November 1984 Jan. Feb. 1990
1988
REFERENCE # 65453-84-348 PHL LOG PNL Report
SAMPLE # R-3214 R-3215 PNL 12988 Supernatan Washed
t Solids

DENSITY g/ml - - - 1.0 1.4
cl4 - - - NA <1.40E+0
Cof0 - - - ND 2.02E+3
sr89/90 2.32E+4 15 - 6.58E+3 4.13E+7
y90 . . - - -
1¢%9 - - - NA 3.50E+1
1129 - - - NA <1.68E+0
csi34 - - - 4.95E+0 ND
csi37 ) 5.925E+5 7.525E-1 - 4.326+3 1.60E+3
pml47 - - - - .
Eul54 - - - ND 7.20E+4
U-Nat. - - - 5.71E-1 1.46E+1
Np237 - - 5.29E+1 - -
py238 - - 1.59E+1 ND 1.60E+3
py238/240 - - 3.18E+1 2.34E-1 5.05E+3
pul4l - - 1.90E+2 - -
Am241 - - 2.91E+2 1.50£-3 2.55E+4
Am2424 - - - - .
An243 - - - - .
cmé42 - - - ND 8.83E+2
cm44 - - 7.41 - -
Total & - - - - -
Total 8 - - - - -

IS Insufficient Sample )

NA Not Analyzed

ND Not Detected

A1l Units are in Ci/L unless otherwise indicated.
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Table E-4. C-106 Chemical Inventory Data (Van Vieet 1993b)

SAMPLE TYPE Sludge Supernatant TANK
INV.®

SAMPLE DATE 4/1/909
SAMPLE 1D RAT-C106-4A
DENSITY g/ml 1.75
VOL. (1E+3 gal) : 181 32 : 213
vOL. (L) 6.85E+5 1.21E+5 8.06E+5
UNITS ug/g g/L g g/L g g
Ag 2.10E+3 3.68E+0 2.52E+6 2.58E+6
"Al 1.15E45 2.01E+2 1.38E+8 1.38E+8
As 3.90E+2 6.83E-1 4.68E+5 4.6BE+5
B 3.50E+2 6.13E-1 4.20E+5 4.20E+5
Ba 3.50E+2 6.13E-1 4.20E+5 ’ 4.20E+5
Ca 1.90E+3 3.33E+0 2.28E+6 2.28E+6
Ce . 4.90E+2 8.58E-1 5.88E+5 5.88E+5
Cr 1.75E+3 3.06E+0 2.10E+6 2.10E+6
Cu 3.00E+2 5.25E-1 3.60E+5 3.60E+5
Fe 8.24E+4 1.44E+2 9.88E+7 9.88E+7
Mg 4.20E+2 7.35E-1 5.04E+5 5.04E+5
HMn 4.50E+3 7.88E+0 5.40E+6 5.40E+6
Na 1.56E+5 2.73E+2 1.87E+8 . 1.87E+8
Nd 5.60E+2 9.80E-1 6.71E+5 : 6.71E+5
P 7.30E+3 1.28E+1 8.75E+6 . 8.75E+46
Pb 2.50E+3 4.38E+0 3.00E+6 3.00E+6
Sb 2.90E+3 5.08E+0 3.48E+6 3.48E+6
Se 1.40E+3 2.45E+0 1.68E+6 1.68E+6
Si ' 2.60E+4 4.55E+1 3.12E+7 3.12E+7
Sr 1.10E+2 1.93€-1 1.32E+5 1.32E+5
Ti 3.30E+2 5.78E-1 3.96E+5 3.96E+5
7 1.20E+3 2. 1-0E+0 1.44E+6 1.44E+6
Ir 6.00E+2 1.05E+0 7.19E45 7.19E+5

"$1"  denotes sludge volume only

"d" denotes date of document
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Table E-5. AY-101 Chemical Inventory Data (Van Vleet 1993a)

WHC-SD-WM-SEL-033, Rev. 1

SAMPLE TYPE Supernatant STurry/Sludge I::K*
SAMPLE DATE 07/20/88 07/20/88
SAMPLE 1D R-8371 -
REFERENCE WHC 1.M. 12221-PCL88-169 -
DENSITY g/ml 1.09 -
VOL. (1E+3-gal) 853 83 853
voL. (L) 3.23E+6 3.14E+5 3.54E+6
UNITS g/t g g/L g
A1(OH)4- 4.64E+0 1.50E+7 1.50E+7
C03-- 1.84E+1 5.93E+7 5.93E+7
Ci- 4.40E-1 1.42E+6 1.42E+6
F- 7.60E-1 2.45E+6 2.45E+6
K 3.10E-1 1.00E+6 1.00E+6
NH3 2.79E+0 9.01E+6 9.01E+6
NO2- 1.36E+1 4.38E+7 4.38E+7
NO3- 3.84E+1 1.24E+8 1.24E+8
Na 4.48E+1 1.45E+8 1.48E+8
OH- 8.06E+0 2.60E+7 2.60E+7
P04--- 7.70E-1 2.49E+6 2.49E+6
S04-- 4.83E+0 1.56E+7 1.56E+7
T0C 4.47E+0 1.44E+7 1.77E+7
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Table E-6. AY-102 Chemical Inventory Data (Van Vlieet 1993a)
SAMPLE TYPE Supernatant Comp Solids/Sludge TANK INV.
SAMPLE DATE 2nd Qtr 1988 2nd Qtr 1988 2nd Qtr 1988
SAMPLE ID 102-AY Seg 1 102-AY Comp -
REFERENCE PNL Letter Rpt 9000855 (2/12/90) PNL Letter Rpt 9000855 (2/12/90) -
DENSITY g/ml 1.0 1.4 -
VOL. (1E+3 gal) 818 (June 1988) 32 (June 1988) 850
VOL. (L) 3.10E+6 1.21E+5 3.22E+46
UNITS L] g/L g mmol/g g/L g g
Ag 6.40E-5 6.90E-3 2.14E+4 6.70E-2 1.01E+1 1.23E+6 1.25E+6
Al 5.90E-5 1.59E-3 4.93E+3 1.60E+0 6.04E+1 7.32E+6 7.33E+6
B 7.70E-4 8.33E-3 2.58E+4 4.40E-1 6.67E+0 8.07E+5 8.33E+5
Ba 2.90E-6 3.98E-4 1.23E+3 1.50E-2 2.88E+0 3.49E+5 3.51E+5
Ca 1.10E-4 4.41E-3 1.37E+4 4.20E-1 2.36E+1 2.85E+6 2.87E+6
Cd <1.00E-6 <1.12E-4 <3.48E+2 4.00E-3 6.29E-1 7.63E+4 7.66E+4
Ce <4.00E-6 <5.61E-4 <1.74E+3 8.60E-3 1.69E+0 2.04E+5 2.06E+5
Cl- 1.70E-2 6.03E-1 1.87E+6 2.40E-1 1.19E+1 1.44E+6 3.31E+6
Cr 2.595-4 1.30E-2 4.03E+4 7.20E-2 5.24E+0 6.35E+5 6.75E+5
Dy <1.00E-7 <1.63E-5 <5.03E+1 <5.03E+1
F- 9.30E-3 1.77€-1 5.47E+5 1.80E-1 4.79E+0 5.80E+5 1.13E+6
Fe 7.20E-6 4.02E-4 1.25E+3 1.60E+0 1.25E+2 1.52E+7 1.52E+7
Hg 3.80E-4 1.07E-1 1.29E+4 1.29E+4
K 1.10E-3 4.30E-2 1.33E+5 5.90E-2 3.23E+0 3.91E+5 5.24E+5
La <4.00E-7 <5.56E-5 <1.72E+2 3.00E-2 5.83E+0 7.07E+5 7.07E+5
Li <1.00E-5 <6.94E-5 <2.15E+2 <2.15E+2
Mg 2.30E-5 5.58E-4 1.73E+43 3.00E-1 1.02E+1 1.24E+6 1.24E+6
Mn <2.00E-7 <1.10E-5 <3.40E+1 1.70E-1 1.31E+1 1.58E+6 1.58E+6
Mo 4.30E-6 4.13E-4 1.28E+3 2.00E-3 2.69E-1 3.25E+4 3.38E+4
NO2- 2.50E-2 1.15E+0 3.56E+6 1.10E-1 7.09E+0 8.58E+5 4.42E+6
NO3- 4.40E-3 2.73E-1 8.45E+5 1.70E-2 1.48E+0 1.79E+5 1.02E+6
Na 9.60E-2 2.21E+0 6.86E+6 1.80E+0 5.79E+1 7.02E+6 1.39€+7
Nd <7.00E-7 <1.01E-4 <3.13E+2 1.90E-2 3.84E+0 4.65E+5 4.65E+5
Ni <2.00E-6 <1.17E-4 <3.64E+2 5.60E-2 4.60E+0 5.58E+5 5.58E+5
P 1.00E-4 3.10E-3 9.59E+3 2.30E-1 9.97E+0 1.21E+6 1.22E+6
P04--~ 5.50E-4 5.22E-2 1.62E+5 2.40E-2 3.19E+0 3.87E+5 5.48E+5
Rh <2.00E-6 <2.06E-4 <6.37E+2 <6.37E+2
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Table E-6. AY-102 Chemical Inventory Data (Van Vleet 1993a)
SAMPLE TYPE Supernatant Comp Solids/Sludge TANK INV.
SAMPLE DATE 2nd Qtr 1988 2nd Qtr 1988 2nd Qtr 1988
SAMPLE 1D 102-AY Seg 1 102-AY Comp -
REFERENCE PNL Letter Rpt 9000855 (2/12/90) PNL Letter Rpt 9000855 (2/12/90) -
DENSITY g/ml 1.0 1.4 -
VoL, (1E+3 gal) 818 (June 1988) 32 (June 1988) 850
voL. (L) 3.10E+6 1.21E+5 3.22E+6
UNITS M g/l g mmol/g g/L g g
Ru <1.00E-6 | <1.01E-4 <3.13E42 <3.13E+2
S04-- 1.10E-3 1.06E-1 _3.27E+5 8.10E-3 1.09E+0 1.32E+5 4.59E+5
Si 5.90E-3 1.66E-1 5.13E+5 4.30E-1 1.69E+1 2.05E-6 2.56E-6
Sr 2.60E-6 2.28E-4 7.05E+2 9.00E-3 1.10E+0 1.34E+5 1.34E+5
T0C 2.40E-2 2.88E-1 8.92E+5 3.82E+0 6.42E+1 7.78E+6 8.67E+6
Te <2.00E-6 | <2.55E-4 <7.90E+2 4.00E-3 7.15E-1 8.66E+4 8.74E+4
Ti <4.00E-7 | <1.92E-5 <5.93E+1 7.10E-3 4.76E-1 5.77E+4 5.77E+4
u 3.50€-3 8.33E-1 2.58E+6 6.50E-2 2.17E+1 2.62E+6 5.20E+6
In 5.00E-6 3.27E-4 1.01E+3 8.10E-3 7.41E-1 8.98E+4 9.08E+4
Zr 7.60E-7 6.93E-5 2.15E+2 6.30E-3 8.05E-1 9.75E+4 9.77E+4
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APPENDIX F

DOSE CALCULATIONS
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FORM 5610 REV. 4/91

I‘eon * CALCULATION SET NO.
Raytheon .. CALCULATION SUMMARY 7362-H-006
A Coemen B aaUESC & CONTROL SHEET

Page 1 of 2 PRELIM. | FINAL | VOID | REVISION
X 0]
PROJECT TITLE 241-C-106 Waste Retrieval
piscirune Mech-Nuclear
Js0. 7362.007
STRUCTURE OF SYSTEM N/A DESIGN CLASSIFICATION _Varies

suBJECT _EDE D Conse n and EH alculation

COMPLETED BY Nagaraj S Vembar ke DATE _04/22/94
— ——
on/Associa

CHECKED BY _Donnie Harrisoéni ;Jas 4 3§§ Eges) DATE ¢/zz/24
APPROVED BY /ﬁ . %&alﬁ_——_-ome %45%7?

REASON FOR REVISION: TOTAL NUMBER OF SHEETS
) IN THIS ISSUE 48

Not applicable SHEETS REVISED, ADDED OR DELETED OR °
DELETED

Not applicable

PROBLEM STATEMENT:

To provide conservative estimate of the dose consequences and offsite ground
contamination from airborne releases for various accident scenarios for the WHC
Project W320, 241-C-106 Waste Retrieval, and Environmental Hazard Safety
Classification calculations per EP-1.4. The results will also be used to determine the
safety classification of systems that are associated with C-106 Waste Retrieval

operation.

SUMMARY/CONCLUSIONS:

See Page _44__ of General Computation Sheets for Summary and Conclusions
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DESIGN BASIS

1.

A conservative estimate of the radionuclide inventories for the C-106 and AY-102
tanks used in the C-106 waste retrieval is taken from Appendix B, Hanford Site
Tank Farm Facilities Interim Basis, WHC-SD-WM-ISB-001 (Ref. 13). Analysis in
Appendix C (Ref. 13) was performed for unit liter respirable releases of selected
Hanford high level waste tanks which included 241-C-1086, 241-AY-101 and 241-
AY-102 tanks. The unit liter release calculations were performed using the GENII
dosimetry code (Ref. 2) for both laboratory sample data and Track Radioactive
Components (TRAC) data. Per FDC (Ref. 12), the supernatant in AY-101 will be
transferred to AY-102 prior to WRSS operation. The calculations will be based on
unit liter release source term values for laboratory data (conservative values) of C-
106 solids and supernatant from AY-101 in AY-102. The source term values have
been taken from Table C-7 for AY-101 and Table C-9 for C-106, Appendix C of
Ref. 13 and are listed in Table A-1. The individual is assumed to be located at the
Hanford site boundary in the direction which provides the highest 99.5% (sector
normalized) atmospheric dispersion coefficient. The individual is also assumed to
remain on the centerline of the plume during its entire passage. The exposure
pathways for the offsite individual include inhalation, submersion, and ground
shine. Internal dose from inhalation is calculated as a 50 year committed effective

dose equivalent (EDE).

The unit liter inhalation EDE to the bounding offsite individual for solids in C-106
(per Table C-9, Appendix C, Ref. 13) is: 2.30E-2 rem (per liter)

The unit liter inhalation EDE to the bounding offsite individual for supernatant in C-
106 (transferred from AY-102 with AY-101 supernatant (see Criterion 14 on Sheet
§ and per Table C-7, Appendix C, Ref. 13) is: 1.80E-5 rem (per liter)

Similarly, the unit liter submersion EDE to the bounding offsite individual for C-106
solids (per Table C-9, Appendix C, Ref. 13) is: 9.50E-7 rem (per liter)

The unit liter submersion EDE to the bounding offsite individual for C-106 )
supernatant (transferred from AY-102 with AY-101 supernatant, see Criterion 14
on Sheet 5 and per Appendix C, Rev. 14)is: 2.10E-7_rem (per liter)
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It is concluded from the above that the submersion doses are negligible compared
to the inhalation doses, and therefore, are not inciuded in the calculations. In
addition, per Criterion 15 below, ground shine doses have not been included in the

caiculations.

Since all of the radionuclides of concern have long half-lives, doses to the
receptors at other locations are proportional to the maximum doses calculated for
the offsite individual. The atmospheric dispersion coefficients used to derive these
conversions are provided in Table C-5 of Appendix C of Ref. 13.

To convert from the offsite individual maximum dose to doses for other receptors,
the plume meander (PM) conversion factors given in Table C-10 of Appendix C of
Ref. 13 are used. For the purpose of this evaluation and as recommended in
Appendix C of Ref. 13, the most conservative muitiplication factors (CF) with or
without plume meander (PM) have been used as follows: CF = 1 for maximum
doses to offsite individual without plume meander (PM); CF = 0.64 for maximum
doses to offsite individual with PM; CF = 610 for maximum doses to onsite
individual with PM; and CF = 1900 for maximum doses to onsite individual

without PM.

The unit dose calculations for C-106 waste retrieval are listed in Table A-1 for
offsite individual without/with PM, Table A-2 for onsite individual without PM, and
Table A-3 for onsite individual with PM.

Table A-1. Unit Liter Release Dose Data for Offsite Individual
without/with PM

EDE, rem/liter EDE, rem/liter
Offsite {solids) {supernatant)
| —— e — A
inhalation without PM 2.30E-2 1.80E-5
(CF = 1)
————__——_—I_
Inhalation with PM 1.47E-2 1.15E-b
(CF = 0.64)
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Table A-2. Unit Liter Release Dose Calculation for Onsite individual
Without Plume Meander

(solids) (supernatant)

Inhalation I 4.37E+1 3.42E-2

Table A-3. Unit Liter Release Dose Calculation for Onsite Individual
With Plume Meander

Onsite ’ EDE, rem/liter EDE, rem/liter

Onsite EDE, rem/liter EDE, rem/liter
(solids) (supernatant)

Inhalation l 1.40E+1 1.10E-2

Per Section 4.2 of Onsite/Offsite Worker Definition (Ref. 4), a two_hour evaluation
period is recommended for all offsite calculations to the general public. This is also
in conformance with the guidelines of Regulatory Guide 1.145 (Ref.5).

Per Items 9 and 10 of Section 4.2.1, Chapter 4.0 of Nonreactor Facility Safety
Analysis Manual, WHC-CM-4-46 (Ref. 7), only inhalation and submersion pathways
are considered for determining the offsite individua! EDE values, as well as for
onsite individual EDE values. Per Safety Classification of Systems, Components,
and Structures, MRP 5.46 (Ref. 8), only EDE values are needed to determine the

safety classification of systems, equipment and components.

Design data for process systems that are considered for the accident analyses are
taken from WHC-SD-W320-FDC-001, Rev. 2, Ref. 12.

The solids/sludge within the Tank AY-102 are presumed not to be disturbed during
sluicing from C-106 to AY-102.

F-7




10.

11.

WHC-SD-WM-SEL-033, Rev. 1

Form 5007 {Rev. 4/93}

Raytheon GENERAL - CALCULATION SET NO. REV. COMP. BY CHK’D BY
Engineers & Constructors COMPUTATION
‘A Coneciamaon of Badger and UEAC SHEET 7362-“-006 f
PRELIM. | FINAL | voOID NigA %é ?&
0 TDATE _, E .
X w177 | fz2-99

PROJECT 241-C-106 Waste Retrieval

SHEET 4 OF 48

DATE DATE

SUBJECT Dose Consequences and EHSC
Calculations

s0. 7362.007

A ground level point source release is used for all the accident scenarios.

The radioactive inventories included in Appendix B of Ref. 13 for C-106 and AY-
102 (with AY-101 supernatant, see Criteria 1 and 14) are best available
representative laboratory samples as stated in Appendix C of Ref. 13.

Transfer lines are buried 1 ft. below grade with a berm. A minimum of 3 ft cover
over the pipe will be provided for freeze protection and shielding. Transfer lines
are pipe in a pipe design, i. e., inner pipe with an outer pipe encasement. From
Ref. 17, the failure probability of a pipe is 1E:9 hr/ft. Based on 2000 ft. pipe (Ref.
11), an operating period of 8 hours per day for one year, the probability is
estimated to be 5.8E-3/yr. Therefore, failure probability of both pipes is estimated
to be 3.4E-5. From Ref. 16, the annual probability (frequency) of a design basis
earthquake at Hanford is 7E-4/yr. For the purposes of the analysis in this
calculation, seismic event is considered for the worst case accident scenario.

HVAC design data is as shown on drawing H-2-818470 (see Ref. 11). HVAC is
not required for safe shutdown of WRSS, i.e., if HVAC is shutdown or otherwise,
tank will be on passive mode with no forced cooling.

Per FDC Rev. 2 (Ref. 12), air characterization for vapor space within C-106 is
based on 100 mg/cu.m and vapor specific gravity of 1.0 (assumed for calculations
purposes since the tank vapor space will be 100% humid and will consist of 90 %
liquid per Ref. 12). Per Appendix D of Ref. 12, the vapor space will consist of
10% C-106 solids and 80% AY-101 supernatant in AY-102.

Radioactive leak from a transfer line break with 3 ft. cover (see Criterion 1 above),
will reach the above grade level surface and will form a pool near the break. The
guantity of leak that forms in to a pool at the surface is estimated to be 10 percent
of the total quantity that is postulated to leak during the stated release time. This
is based on a buried line break incidence at 242-S evaporator and its accident
evaluation as noted in Section 9.1 of WHC-SD-WM-SAR-023 Rev. 1 (Ref. 14). A
similar approach will be utilized for estimating leak for C-106 waste retrieval
project, i.e., 10 percent will leak to form a pool at the surface from a total quantity
of the liquid that is postulated to leak into soil during the entire release time period.
Further, the buried piping configuration and the process conditions for the
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W320 project is similar in configuration and/or less severe in process conditions as
compared to the 242-S buried lines.

Release fraction is equal to 1.0E-5 (0.00001) per DOE-HDBK-0013-93, Mishima,
Ref 15.

Based on a preliminary evaluation of the system design and EDE dose
consequences due to transfer line break, Project W320 has decided to install a
seismic switch to mitigate the impact to the personnel safety and health due to
dose consequences, and to the environment due to soil contamination. A 10
seconds time is used for calculations purposes as the release time period for pump
coast down before the pump completely shuts down. This time period will be used
for calculating the dose consequences from the waste released to the environment

during the line break scenario.

Per Appendix D of FDC, Ref. 12, the supernatant from AY-101 will be transferred
to AY-102. This supernatant will be transferred to C-106 for sluicing out the solid
contents in C-106 to form slurry. This slurry will be transferred to AY-102.

For supply transfer line break calculations, 30 percent solids (SP. Gr. of 1.2) from
C-106 and 70 percent supernatant (Sp. Gr. of 1.0) from AY-102 (AY-101
supernatant) source term values have been used per FDC Rev. 2 (Ref. 12). For
return transfer line break calculations, 10 percent solids (Sp. Gr. of 1.0) from C-
106 and_ 90 percent supernatant (Sp. Gr. of 1.0) have been used per FDC Rev. 2

(Ref. 12).

Both transfer lines will break during a seismic event since they are buried in the
same trench and bermed as noted in Criterion No. 8 above. :

Syphon breakers are provided to prevent syphoning of AY-102 tank contents into
C-106 since AY-102 tank is located at higher elevation than C-106.

UNVERIFIED ASSUMPTIONS/OPEN ITEMS
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NSITE AND OFFSITE DOSE CONSEQUENCE CALCULATIONS
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1. SCENARIO NO. 1: WASTE TRANSFER LINES BREAK

Waste transfer line break scenarios are shown schematically in Figures 1a and 1b.

c-106 } b

w1 2000 FT
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Calculations

1.a SCENARIO NO. 1a: WASTE TRANSFER SUPPLY LINE BREAK (2 Hours Release
Time

At a pump flow rate of 350 gpm (Para 2.2.2 of Ref 12) at the time of the accident and
2 hours release time*per Criterion 2 on Sheet 3,

Volume release is 2 hrs x 60 min/hr x 350 gpm

4.20E+ 4 gallon

It is assumed that the accident occurs at C-106 tank farm. Then the volume (due to
gravity) for the portion of approximately 2000 ft. 4 inch Sch. 40 piping (Ref. 11) is
calculated as follows: :

Volume of 2000 ft of piping = N x (4.026 in)%/4 x 2000 ft x 12 in/ft

= 3.06E+5 in®

Per Appendix B-11 of Ref. 1, 231 in® volume = 1 gallon

Therefore, volume of liquid
in the pipe

3.06E+5 in®/ 231 in® /gal

= 1.32E + 3 gallons

4.20E+4 + 1.32E+3

Total volume release
= 4.33E+4 gallons

At 3.785 liters per gallon, per Ref. 1,
Effective radioactive volume

release 4.33E+4 gal x 3.785 liters/gal

1.64E + 5 liters
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Per Criteria No. 11 on Sheet 4, the release volume

to the surface (forming a pool) is equivalent to

10 per cent of the total release,

which is equal to = 1.64E+5 x 0.1

= 1.64E +4 liter

Per Criterion 12 on Sheet 5, the release fraction for liquid release aerosol (from the pool
surface} is 1.0E-5.

Therefore, the amount of hazardous material
suspended is = 1.0E-5 x 1.64E+4

= 1.64E-1 liters

Solids Radioactive Release calculation

Based on 30 percent solids (per Criterion 15 on Sheet b)
Effective radioactive volume release = 1.64E-1x0.30/1.2

= 4.10E-2 liters

From Table A-1, offsite unit liter release EDE inhalation dose for C-106 solids is equal to
1.47E-2 rem/liter with PM.

Therefore, for a total volume release of 4.10E-2 liters,
the offsite EDE = 1.47E-2 rem/liter x 4.10E-2 liter

= 6.03E-4 rem

Similarly from Table A-3, onsite unit liter release EDE inhalation dose for C-106 solids is
equal to 1.40E+ 1 rem/liter.

Therefore, for a total volume release of 4.10E-2 liters,
1.40E + 1 rem/liter x 4.10E-2 liter

5.75E-1 rem

the onsite EDE
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Liquid Radioactive Release calculation

Based on 70 percent supernatant liquid
(per Criterion 15, Sh. 5},
Effective radioactive volume release = 1.64E-1 x 0.70

= 1.15E-1 liters

From Table A-1, offsite unit liter release EDE inhalation dose for AY-102 (with AY-101
supernatant) is equal to 1.15E-5 rem/liter with PM.

Therefore, for a total volume releasé of 1.15E-1 liters,
the offsite EDE = 1.15E-5 rem/liter x 1.15E-1 liter

1.32E-6 rem

Similarly from Table A-3, onsite unit liter release EDE inhalation dose for AY-102 with
AY-101 supernatant is equal to 1.10E-2 rem/liter. ’

Therefore, for a total volume release of 1.15E-1 liters,
the onsite EDE = 1.10E-2 rem/liter x 1.15E-1 liter

1.26E-3 rem

EDE dose consequence for Offsite Individual for both solids and liquid,
Scenario No. 1a = 6.0E-4 rem

EDE dose consequence for Onsite Individual for both solids and liquid,
Scenario No. 1a = 5.8E-1 rem
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1.b SCENARIO NO. 1b: WASTE TRANSFER RETURN LINE BREAK (2 Hours Release
Time

Based on Scenario 1a calculations, Sheet 9, the amount
of hazardous material suspended is = 1.64E-1 liters

Solids Radioactive Release Calculation

The return line has 10 percent C-106 solids (per Criterion 15, Sh. 5)

Effective radioactive volume release = 1.64E-1 x 0.10

1.64E-2 liters

From Table A-1, offsite unit liter release EDE inhalation dose for C-106 solids is equal to
" 1.47E-2 rem/liter with PM.

Therefore, for a total volume release of 1.64E-2 liters,
the offsite EDE 1.47E-2 rem/liter x 1.64E-2 liter

= 2.41E-4 rem

Similarly from Table A-3, onsite unit liter release EDE inhalation dose for C-106 solids is
equal to 1.40E+ 1 rem/liter.

Therefore, for a total volume release of 1.64E-2 liters,
the onsite EDE = 1.40E + 1 rem/liter x 1.64E-2 liter

= 2.30E-1 rem

Liquid Radioactive Release Calculation
The return line has 90 percent supernatant liquid (per Criterion 15, Sh. b)

1.64E-1 x 0.90

Effective radioactive volume release =
= 1.48E-1 liters
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From Table A-1, offsite unit liter release EDE inhalation dose for AY-102 with AY-101
supernatant is equal to 1.15E-5 rem/liter with PM.

Therefore, for a total volume release of 1.48E-1 liters,
the offsite EDE = 1.15E-5 rem/liter x 1.48E-1 liter

= 1.70E-6 rem

Similarly from Table A-3, onsite unit liter release EDE inhalation dose for AY-102 with
AY-101 supernatant is equal to 1.10E-2 rem/liter.

Therefore, for a total volume release of 1.48E-1 liters,
the onsite EDE 1.10E-2 rem/liter x 1.48E-1 liter

1.62E-3 rem

EDE dose consequence for Offsite Individual for both solids and liquid,
Scenario No. 1b = 2.4E-4 rem

EDE dose consequence for Onsite Individual for both solids and liquid,
Scenario No. 1b : = 2.3E-1 rem

EVALUATION OF BOTH SUPPLY AND RETURN LINE BREAK

EDE dose consequence for Offsite Individual for both solids and liquid,
Scenarios 1a and 1b = (6.0E-4) + (2.4E-4) rem
= 8.4E-4 rem :

EDE dose consequence for Onsite Individual for both solids and liquid,
Scenarios 1a and 1b = (5.8E-1) + (2.3E-1) rem
= 8.1E-1 rem

From above, the EDE dose consequence values are < 500 mrem for offsite individual
and < 5 rem for onsite individual doses. Therefore, the waste transfer return line should
be classified as SC-3, per Ref. 9. Further confirmation is needed via Environmental
Hazard Safety Classification (EHSC) per EP 1.4 (Ref. 9) to determine the safety
classification. See Step B.1 for EHSC caiculation for Scenarios 1a and 1b.
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1.c SCENARIO NO. 1c: WASTE TRANSFER SUPPLY LINE BREAK (Seismic Switch

Shutoff and 10 Seconds Release Time)

Per Criterion No. 13 on Sheet 4, the seismic switch will terminate operation of the
pumps, and the liquid release to the environment will stop within 10 seconds allowing for
pump coast down, etc. In addition, release of the waste contents within the pipeline to
the environment due to gravity flow has been included in the calculations.

At a pump flow rate of 350 gpm (Para 2.2.2 of Ref. 12) at the time of the accident and
10 seconds release time,

10 sec x 350 gpm / 60 sec/min

Voiume release

5.83E + 1 _gallons

It is assumed that the accident occurs at C-106 tank farm. Then the volume {(due to
gravity) for the portion of approximately 2000 ft. 4 inch Sch. 40 piping (Ref. 11) is

calculated as follows:

Volume of 2000 ft of pipe = I x {4.026 in)¥/4 x 2000 ft x 12 in/ft
= 3.06E+5 in®

Per Appendix B-11 of Ref. 1, 231 in® volume = 1 gallon

Therefore, volume of liquid

in the pipe 3.06E+5 in®/ 231 in® /gal

1.32E + 3 gallons

(5.83E+1) + (1.32E+3)
1.38E +3 galions

Total volume release

At 3.785 liters per galion, per Ref. 1,
Effective radioactive volume

release 1.38E +3 gal x 3.785 liters/gal

5.22E + 3 liters

F-19
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Per Criterion No. 11 on Sh. 4, the release volume
to the surface (forming a pool) is equivalent to
10 percent of the total release, which

is equal to 5.22E+3 x 0.1

= 5.22E + 2 liter

Per Criterion 12-on Sh. 5, the release fraction for liquid release aerosol (from the pool
surface) is 1.0E-5.

Therefore, the amount of hazardous material
suspended is = 1.0E-5 x 5.22E+2

= B5.22E-3 liters

Solids Radioactive Release Calcuiation

Based on 30 percent solids (per Criterion 15, Sh. 5)

Effective radioactive volume release' = 5.22E-3 x 0.30 /1.2
= 1.31E-3 liters

From Table A-1, offsite unit liter release EDE inhalation dose for C-106 solids is equal to
2.30E-2 rem/liter without PM.

Therefore, for a total volume release of 1.31E-3 liters,
the offsite EDE = 2.30E-2 rem/liter x 1.31E-3 liter
= 3.01E-5 rem

Similarly from Table A-2, onsite unit liter release EDE inhalation dose for C-106 solids is
equal to 4.37E+ 1 rem/liter.
Therefore, for a total volume release of 1.31E-3 liters,

the onsite EDE = 4.37E+ 1 rem/liter x 1.31E-3 liter
= 5.72E-2 rem
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Liquid Radioactive Release Calculation
Based on 70 percent supernatant liquid
(per Criterion 15, Sh. 5),
Effective radioactive volume release = §5.22E-3 x 0.70
= 3.65E-3 liters

From Table A-1, offsite unit liter release EDE inhalation dose for AY-102 (with AY-101
supernatant) is equal to 1.80E-5 rem/liter without PM.

Therefore, for a total volume release of 3.65E-3 liters,

the offsite EDE

6

= 1.80E-5 rem/liter x 3.65E-3 liter
= 6.57E-8 rem

Similarly from Table A-2, onsite unit liter release EDE inhalation dose for AY-102 (with
AY-101 supernatant) is equal to 3.42E-2 rem/liter.

Therefore, for a total volume release of 3.65E-3 liters,

the onsite EDE

=3
= 1

.42E-2 rem/liter x 3.65E-3 liter
.25E-4 rem

EDE dose consequence for Offsite individual for both solids and liquid,

Scenario No. 1c¢

=3

3.0E-5 rem

EDE dose consequence for Onsite Individual for both solids and liquid,
= 5.7E-2 rem

Scenario No. 1¢
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1.d SCENARIO NO. 1d: WASTE TRANSFER RETURN LINE BREAK (Seismic Switch

Shutoff and 10 Seconds Release Time)

From Scenario 1c caiculations, Sheet 14, the amount
of hazardous material suspended is = 5.22E-3 liters

Solids Radioactive Release Calculation

The return line has 10 percent solids (per Criterion 15, Sh. 5)

Effective radioactive volume release = 5.22E-3 x 0.10

= 5.22E-4 liters

From Table A-1, offsite unit liter release EDE inhalation dose for C-106 solids is equal to
2.30E-2 rem/liter without PM.

Therefore, for-a total volume release of 5.22E-4 liter,
the offsite EDE

2.30E-2 rem/liter x 5.22E-4 liter
1.20E-5 rem

Similarly from Table A-2, onsite unit liter release EDE inhalation dose for C-106 solids is
equal to 4.37E+ 1 rem/liter.

Therefore, for a total volume release of 5.22E-4 liter,
the onsite EDE = 4.37E+1 rem/liter x 5.22E-4 liter

= 2.28E-2 rem

Liquid Radioactive Release Calculation

Based on 80 percent supernatant liquid
(per Criterion 15 on Sheet 5),

Effective radioactive volume release 5.22E-3 x 0.90

4.70E-3 liters
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From Table A-1, offsite unit liter release EDE inhalation dose for AY-102 with AY-101
supernatant is equal to 1.80E-5 rem/liter without PM.

Therefore, for a total volume release of 4.70E-3 liters,
the offsite EDE = 1.80E-5 rem/liter x 4.70E-3 liter

= 8.46E-8 rem

Similarly from Table A-3, onsite unit liter release EDE inhalation dose for AY-102 {with
AY-101 supernatant) is equal to 3.42E-2 rem/liter.

Therefore, for a total volume release of 4.70E-3 liters,
the onsite EDE = 3.42E-2 rem/liter x 4.70E-3 liter

= 1.61E-4 rem

EDE dose consequence for Offsite Individual for both solids and liquid,
Scenario No. 1d = 1.2E-5 rem

EDE dose consequence for Onsite individual for both solids and liquid,
= 2.3E-2 rem

Scenario No. 1d
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EVALUATION OF BOTH SUPPLY AND RETURN LINE BREAK WITH SEISMIC SWITCH
SHUTOFF

EDE dose consequence for Offsite Individual for both solids and liquid,
Scenarios 1c and 1d = (3.0E-5) + (1.2E-5) rem
4.2E-5 rem

EDE dose consequence for Onsite Individual for both solids and liquid,
Scenarios 1c and 1d = (5.7E-2) + (2.3E-2) rem
i = 8.0E-2 rem

From above, the EDE dose consequence values are < 500 mrem for offsite individual
and < 5 rem for onsite individual doses. Therefore, the waste transfer lines can be
classified as SC-3, per Ref. 9. Further confirmation is needed via Environmental Hazard
Safety Classification (EHSC) per EP 1.4 (Ref. 9) to0 determine the safety classification.
See Step B.2 for EHSC calculation for Scenarios 1c and 1d. '

Based on the onsite EDE values (using release time of 10 seconds), the time to reach the
SC-1, Criterion 1 of Ref. 9 (600 mrem for offsite individual), will be equal to 33 hours
[500 mrem / (4.2E-5 rem x 1000 mrem/rem x (3600 sec/hr /10 sec)], and the time to
reach the SC-2, Criterion 2 of Ref. 9 (5 rem for onsite individual), will be equal to 10.4
minutes [5 rem / (8.02E-2 rem x (60 sec/min /10 sec)]. Since the estimated time (10.4
minutes) to reach SC-2 criterion does not provide sufficient time to implement recovery
actions, the waste transfer lines should be classified as SC-2.
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2. CENARIO NO. 2: UNFILTERED RELEASE THROUGH HVAC RECIRCULATION

DUCT BREAK

Unfiltered release through the HVAC recirculation duct break scenario is schematically

shown in Figure 2 below.

350 SCFN

EXHAUST
FAN

P

1218 SCFM 4 }
= <J

RECIRCLLATIIN
FAN

EXHAUST
STACK

c-106 - \/ B60 SCFH
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C—-106
VENTILATION SYSTEM
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Per Criterion 9 on Sheet 4, recirculation ventilation flow is 860 scfm. Per Appendix D of
FDC (Ref. 12) the vapor space capacity is 100 mg/m®. The vapor specific gravity has
been taken as equivalent to 1.0 for calculation purposes since vapor space is 100 percent
humid and 90 percent supernatant is in the vapor space per FDC.

Assumed that recirculation duct has breached, and the unfiltered vapor from C-106
exhaust ventilation is flowing through the break into the environment.

30 Minutes Release

Therefore, the volume release will be
= 100 mg/m? x(1g/1000mg) x 860 ft* /min x 30 min x {(1m?® /35.3 ft°)

x 1cc/1g x 1 L/ 1000cc x 1/1.0

= 0.073 liter

Using this value in Tables A-1 and A-2, the offsite and onsite EDE dose consequences
without PM are calculated as follows:

EDE dose consequence for Offsite individual for

Tank C-106,

Scenario No. 2 (2.30E-2) x 0.10 x 0.073 + {1.80E-5) x 0.90 x 0.073

1.7E-4 rem

EDE dose consequence for Onsite Individual for

Tank C-106 (without plume meander effect),
Scenario No. 2 {4.37E+1) x 0.10 x 0.073 + (3.42E-2) x 0.90 x 0.073

3.2E-1 rem

1l
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Followina evaluations are made for 1 and 2 hour release times for determining the impact
on safetv classification of HVAC:

1 Hour Release

EDE dose consequence for Offsite Individual for
Tank C-106 with PM,

Scenario No. 2 (1.7E-4) x (0.64) / 0.5

2.2E-4 rem

EDE dose consequence for Ons:ite Individual for

Tank C-106 (Table A-3, with plume meander effect),
Scenario No. 2 = (1.40E+1)x 0.10 x 0.073 x 2 + {(1.10E-2) x 0.90 x 0.073 x 2

= 2.1E-1 rem

2 Hour Release, plume meander effect will be considered per Appendix C, Ref. 13

Per Tables A-1 and A-3, offsite and onsite EDE doses are calculated as follows:

EDE dose consequence for Offsite Individual for

Tank C-106, Scenario No. 2 = (2.2E-4) x 2
= 4.4E-4 rem

EDE dose consequence for Onsite Individual for
Tank C-106 (with plume meander effect,
Table A-3 data used),

Scenario No. 2 2.1E-1x 2

= 4.2E-1 rem
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Calculations

Based on the onsite individual EDE value with plume meander effect, the time to reach
SC-2, Criterion No. 2 per Ref. 9 (5 rem for onsite individual), will be equal to 24 hours.

From the Scenario 2 calculations, the EDE dose consequence values are < 500 mrem
for offsite individual and < 5 rem for onsite individual doses. The active new HVAC
system shall be classified as SC-3, per Ref. 8 and Ref. 9 based on dose rates. Further
confirmation is needed via Environmental Hazard Safety Classification (EHSC) calculation
per EP-1.4 (Ref. 9) to determine the safety classification of the new HVAC. See step B.3

for EHSC calculation for this Scenario No. 2.
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3. SPRAY LEAK FROM A JUMPER OR CONNECTOR INSIDE THE PIT

3a. SCENARIO NO. 3a: SPRAY LEAK FROM A JUMPER OR CONNECTOR INSIDE THE
PIT WITH COVER BLOCK OFF

Aerosol leak due to a spray leak from a jumper or connector misalignment inside the pit
with pit cover block off is schematically shown in Figure 3a.
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Assumed that the jumper or connector is breached, and the waste liquid is postulated to
leak as an atomizing spray with the pit cover off and the release time is assumed to be 2

hours per Criterion 2 on Sheet 3.

From Table 3 of Ref. 10, the respirable liquid aerosol generation for droplets of < 50
microns is interpolated as noted below. Viscosity, density, surface tension, and
temperature of liquid have already been considered in Ref. 10. The leak is modeled as
the discharge from a sharp-edged orifice of size 0.1 mm wide and 5 cm long. The width
of the leak is assumed to be 0.1 mm which is the worst case opening for producing
droplets. The length is assumed to be 5 cm which is a typical circumference of an
opening for a valve stem. )

At 150 psi, value is 9.94E-5 m®/sec
At 200 psi, value is 1.26E-4 m®/sec

Therefore, for a 50 psi differential, the interpolated value is
2.66E-5 m®/sec

Therefore, for 180 psi system/pump pressure (without any significant error due to

interpolation method noted above), .
the aerosol generation rate = 9.94E-5 + (2.66E-5 x 30/50)

= 1.15E-4 m?/sec

Therefore, volume of material suspended
in 2 hours = 1.15E-4m3/sec x 2 hours x3600 sec/hr x 1000 L/m?

= 8.31E+ 2 liters
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Solids Radioactive Release Calculations

Based on 30 percent solids criteria per Criterion 15, Sh. 5,

the effective volume of material suspended that will be released to the
environment will be = 8.31E+2x0.3/1.2

= 2.08E + 2 liters

Therefore, substituting this value in Tables A-1 and A-3, the EDE dose consequences are
calculated as noted below for the Scenario No. 3a:

EDE dose consequence for Offsite Individual with PM for C-106 solids = 3.1E+0 rem

EDE dose consequence for Onsite Individual for C-106 solids = 2.9E+3 rem

Liquid Radioactive Release Calculations

Based on 70 percent liquid criteria per Criterion 15, Sh. 5,
the effective volume of material suspended that will be released to the

environment will be 8.31E+2 x 0.7

= 5.81E+ 2 liters

Therefore, substituting this value in Tables A-1 and A-3, the EDE dose consequences are
calculated as noted below for the Scenario No. 3a:

6.7E-3 rem

EDE.dose consequence for Offsite Individual with PM for liquid

EDE dose consequence for Onsite Individual for liquid 6.4E+0 rem
EDE dose consequence for Offsite Individual for solids and liquid,

Scenario No. 3a 3.1E+0 rem

EDE dose consequence for Onsite Individual for solids and liquid,

Scenario No. 3a = 2.9E+3 rem

From the above, the EDE dose consequence values are > 500 mrem for offsite
individual and > 5 rem for onsite individual doses. Therefore, the pit covers shall be

classified as SC-1, per Ref. 7.
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3b. SCENARIO NO. . SPRAY LEAK FROM A JUMPER OR CONNECTOR INSIDE THE

PIT WITH COVER BLOCK ON (WITH ALL OPENINGS CLOSED)

Aerosol leak due to a spray leak from a jumper or connector misalignment inside the pit
with pit cover block on with all openings closed is schematically shown in Figure 3b.
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Assumed that the jumper or connector is breached, and the waste liquid is postulated to
leak as an atomizing spray with the pit cover on with all openings closed, and the release
time is assumed to be 8 hours, which is equivalent to one shift.

The mechanism for dispersing the aerosol from the pit to the environment is through the
leak paths around the cover blocks. The volume of waste is calculated as the basis that
the pit drains are plugged and the leak detection system has failed to detect leaks

accumulated in the pit for approximately 8 hours.

The leak is modeled as the discharge from a sharp-edged orifice of size 0.1 mm wide and
5 cm long. The width of the leak is assumed to be 0.1 mm which is the worst case
opening for producing droplets. The length is assumed to be 5 cm which is typical
circumference of an opening for a valve stem. The discharge rate through the orifice is

calculated, per Ref. 1, as follows:

Q=0.61Ay2gh

Where
Q = Discharge rate, m*/sec .
0.61 = Discharge coefficient for a sharp edged orifice
A = Area of opening, m?
g = Gravitational acceleration, 9.8 m/sec?
h = system pressure (pumping pressure) expressed as water head, m

From Appendix B-11 of Ref. 1, 1 psig = 27.7 inches of water.

180 psié x 27.7 inches/psig x 2.54 cm/inch x 1 m/100 cm

Therefore, h =
= 1.27E+2 m

F-33

e i, e, Ve, T TN ST - e T
PR e T PR NA L o~ s cariiy At A s’ Tamat ot oti i tea TR SRR EE . Shm Al L




WHC-SD-WM-SEL-033, Rev. 1

Form 5007 (Rev. 4/93)

Bayl'heon GENERAL CALCULATION SET NO. REV. COMP. BY CHK'D BY
Engineers & C. tors COMPUTATION :
A Conecixamon of Badger and UEAC SHEET 7362-H-006
PRELIM. | FINAL VvOID n3 v
0 DATE DATE
X 22-7F q-zz—%’

PROJECT 241-C-106 Waste Retrieval

SHEET 30 OF 48

DATE DATE

SUBJECT Dose Consequences and EHSC
Calculations

J.0. 7362.007

and slit area, A = (0.1 mm x 1m/1000 mm) x (6 cm x 1 m/100 cm)

5.0E-6 m?

Substituting in the above equation,

Q = 1.52E-4 m3/sec

The displacement rate of moist air from the pit is taken to be equal to the discharge rate
from the leak. With the release time of 8 hours, which is equivalent to length of one

shift,

The amount of waste volume released

to the environment is
1.52E-4 m3/sec x 8 hrs x 3600 sec/hr

= 4.38 m*

Solids Radioactive Release Calculation

At 30 percent solids content per Criterion 15 on Sheet 5, the volume released to
the environment is = 4.38 m®* x 0.30 x 1/1.2

=1.1m?

Assuming the aerosol capacity is equivalent to 10 mg/m? per Ref. 3,

the amount of aerosol released to
the environment = 1.1 m® x 10 mg/m? x 1E-6 L/mg
= 1.10E-5 liters

Therefore, substituting this value in Tables A-1 and A-3, the EDE dose consequences are
calculated as noted below for the Scenario No. 3b:

EDE dose consequence for Offsite Individual with PM for C-106 solids = 1.6E-7 rem
EDE dose consequence for Onsite Individual for C-106 solids = 1.5E-4 rem
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Liquid Radioactive Release Calculation
At 70 percent liquid content per Criteria 15, the volume released to
the environment is = 4.38 m®*x 0.70
= 3.07.m3

Assuming the aerosol capacity is equivalent to 10 mg/m?® per Ref. 3,
the amount of aerosol released to

the environment 3.07 m® x 10 mg/m* x 1E-6 L/mg

= 3.07E-b liters

Therefore, substituting this value in Table A-1 and A-3, the EDE dose consequences are
calculated as noted below for the Scenario No. 3b:

EDE dose consequence for Offsite Individual with PM for liquid = 3.5E-10 rem

EDE dose consequence for Onsite Individual for liquid = 3.4E-7 rem

EDE dose consequence for Offsite Individual for solids and liquid,

Scenario No. 3b = 1.6E-7 rem
EDE dose consequence for Onsite Individual for solids and liquid,
Scenario No. 3b = 1.5E-4 rem

From the above, based on 8 hour release, the dose consequence values are < 500
mrem for offsite individual and < 5 rem for onsite individual doses. Therefore, the pit

covers should always be covered prior to any transfer operation via the
jumpers/connectors within the pit.
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3c. SCENARIO NO. 3c: SPRAY LEAK FROM A JUMPER OR CONNECTOR INSIDE THE
PIT WITH COVER BLOCK ON (WITH 2 INCH VALVE HANDLE HOLE OPEN)

Aerosol leak due to a spray leak from a jumper or connector misalingnment inside the pit

with pit cover block on with 2 in valve handle hole open is schematically shown in Figure
3c.

AEROSIL
RELEASE
COVER
BLOCK _\
I SUPPLY
] | LINE
JUNPER =} MISALIGNED
L / JUHPER/
- CONNECTIR
- | PUHP/SLLICE
_/ Z:Ilj DRAIN
TO TANK (PLUGGED)
SCHEMATIC DIAGRAM
C-106
JUMPER LEAK
FIGURE 3c

(COVER ELOCK INSTALLED AND &
2’0 INSPECTIIN PLUG REMOVED)
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Assumed that the jumper or connector is breached, and the waste liquid is postulated to
leak as an atomizing spray with the pit cover on with 2 inch valve handle hole open for
portable imaging system, and the release time is assumed to be 8 hours which is

equivalent to one shift.

The mechanism for dispersing the aerosol from the pit to the environment is through the
leak paths around the cover biocks. The volume of waste is calculated on the basis that
the pit drains are plugged and the leak detection system has failed to detect leaks

accumulated in the pit for approximately 8 hours.

The leak is modeled as the discharge from a sharp-edged orifice of size 0.1 mm wide and
5 cm long. The width of the leak is assumed to be 0.1 mm which is the worst case
opening for producing droplets. The length is assumed to be 5 cm which is typical
circumference of an opening for a valve stem. The discharge rate through the orifice is

calculated, per Ref. 1, as follows:

Q=0.61AJ29E

Where
Q = Discharge rate, m®/sec
0.61 = Discharge coefficient for a sharp edged orifice
A = Area of opening, m?
g = Gravitational acceleration, 9.8 m/sec?
h = system pressure (pumping pressure) expressed as water head, m

From Appendix B-11 of Ref. 1, 1 psig = 27.7 inches of water.

Therefore, h - = 180 psig x 27.7 inches/psig x 2.54 cm/inch x 1 m/100 cm
= 1.27E+2 m
F-37

wre v e
5 e et e, mp e
Aot Skt S AP RN S Aal R L A PN



WHC-SD-WM-SEL-033, Rev. 1

Form 5007 {Rev. 4/93)

Rayltheon GENERAL CALCULATION SET NO. Rev. | comp.BY CHK'D BY
Engineers & Constructors COMPUTATION
A Conacixmson of Bacger and UEAC SHEET 7362-H-006
PRELIM. | FINAL | voD : NTY q E!ﬁ
0 DATE E
X it L/—ZZ—%/

PROJECT 241-C-106 Waste Retrieval

SHEET 34 OF 46

DATE DATE

SUBJECT Dose Consequences and EHSC
J0. 7362.007

Calculations

and 2 inch square edged
opening area, A = M x {(2.0 inch x 2.54 cm/inch)?® / 4} x (1 m/100 cm)?

= 2.03E-3 m?
Substituting in the above equation,

Q = 0.062 m3/sec

The displacement rate of moist air from the pit is taken to be equal to the discharge rate
from the leak. With the release time of 8 hours, which is equivalent to the length of one

shift,

The amount of waste volume released
to the environment is = 0.062 m3/sec x 8 hrs x 3600 sec/hr
= 1.77E+3 m®

Solids Radioactive Release Calculation

At 30 percent solids content per Criterion 15 on Sheet 5,
the volume released to

the environment is 1.77E+3 m®*x 0.30 x 1/1.2

=4.44E+2 m°
Assuming the aerosol capacity is equivalent to 10 mg/m? per Ref. 3,

the amount of aerosol released to
the environment = 4.44E+2 m® x 10 mg/m> x 1E-6 L/mg

= 4.44E-3 liters

Therefore, substituting this value in Table A-1 and A-3, the EDE dose consequences are
calculated as noted below for the Scenario No. 3c:

EDE dose consequence for Offsite Individual with PM for C-106 solids = 6.5E-5 rem

EDE dose consequence for Onsite Individual for C-106 solids = 6.2E-2 rem
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Liquid Radioactive Release Calculation

At 70 percent liquid content per Criterion 15 on Sheet 5,

the volume released to the environment is 1.77E+3 m® x 0.70

1.24E+3 m®

Assuming the aerosol capacity is equivalent to 10 mg/m? per Ref. 3,
the amount of aerosol released to

the environment 1.24E+3 m® x 10 mg/m® x 1E-6 L/mg

= 1.24E-2 liters

Therefore, substituting this value in Tables A-1 and A-3, the EDE dose consequences are
calculated as noted below for the Scenario No. 3c:

EDE dose consequence for Offsite Individual with PM for liquid = 1.4E-7 rem

EDE dose consequence for Onsite Individual for liquid ’ = 1.4E-4 rem

EDE dose consequence for Offsite Individual for solids and liquid,
Scenario No. 3¢ = 6.5E-5 rem

EDE dose consequence for Onsite Individual for solids and liquid,

Scenario No. 3c = 6.2E-2 rem

Ffom the above, based on a release time of 8 hours, the dose consequence values are

< 500 mrem for offsite individual and < 5 rem for onsite individual doses. However, in
order to be within the ALARA guidelines of Ref. 6, it is recommended that the valve
handle opening shall be opened with necessary precautions and proper procedures, and

pits/boxes monitored for leaks.
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B. EHSC CALCULATIONS
1. FHSC CALCULATIONS FOR SCENARIOs 1a and 1b

Following work sheets from EP-1.4 (Ref. 9) determine the EHSC for both Waste
Transfer Supply Line and Return Line Break scenarios with liquid release time of 2 Hours

at 350 gpm flow plus line gravity flow.

RADICACTIVE MATERIAL EHSC CALCULATION

Shest 1 of 2

COMPONENT/SYSTEM: _Supply snd Return transfer Line Bresk DATE: 04/22/94

DRAWING: LOCATION:

1. MATERIAL FORM

Is the radicactve mastensl dispersbls (i.e., other then a consolidated or stabidized sold)? Drispersible
gsses, p and i d soixis.

d

fude: bquids, sludg

{1 No Stop. Associsted items are safety cless 3, other criterna permytting.

[X] Yos Proceed.

2. QUANTITY OF MATERIALS RELEASED MF(2.})= 11,000

d cune lated to be released to the

The foll Qg matnx provid tuplying which are a function of the totsd

from the sy (s} (s)., andlor (s) of

From Tebles B-2 and B-3. Group rackcssotopes by haif-life (T,) cstegory and show total amount {in Curies {Ci}} for each category for
release tme of B hours:

To<1yr: Amount = 0.00 Ci T,=1to 100 yrs: Amount = 2.46E+5 C
T,>100yrs: Amount = 3. 71E+2Ci

Mark the applicable muttiplyng factors below.

Half-life
Amount {Ci) <1yt 1-100 yrs. > 100 yrs.
<1 MF=1 MF=10 MF =100
1-1000 MF=10 MF= 100 MF=1,000
>1000-10* MF=100 MF=1,000 MF=10,000
>10* MF=1,00 MF=10,000 MF=100,000

MF(2.) = SUM of underined MFs = 1000+10000 = 11000
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RADIOACTIVE MATERIAL EHSC CALCULATION

COMPONENT/SYSTEM: __ Supply and Return Transfer Lines Break DATE: 04/22/94 Sheet 2 of 2
DRAWING: LOCATION:
3. TOTAL QUANTITY OF MATERIAL RELEASED™ = 3.28E+5 Lter MF(3.}= 100
{8.66E+4 gailon)
<100 gl ........ MF=1 »1,000-10,000gal ... MF=10
>100-1,000 gal ... MFu5 210,000 gal ........ MF=100 .

4, PROXIMITY TO ENVIRONMENTAL RECEIVERS

A. DEPTH TO AQUIFER = _>150 {out I MF{4. A}= 1
>150 {88t aurrreces Mrat 21-75 foet ...... MF=5
76-150 foet ......... MF=2 0-20 fost ........ MF=10

B. DISTANCE TO SENSITIVE SURFACE WATERP™ = NA fost I MF(4.B) = NA
> 2500 fost .......... NA
>1000-2500 feet ..... MFe9
>500-1000 fest ...... MF=10 Dicect discharge 10 surfece water ... MF=50

C. DISTANCE TO OFFSITE BOUNDARY*! = NA feet ] MF(4.C)= NA

52500 feet ... NA  1000-2500 feet ... MF=5 <1000 fest ... MF= 10
§. CALCULATION OF ENVIRONMENTAL IMPACT FOR SAFETY CLASSIFICATION .

The EHSC is deterrrened a3 follows where aach term s the muttiplying factor (MF] from the respective paragraphs above.
Terms 4.A, 4.8, and/or 4.C are spplied where leg: P ys 10 the e exist.

EHSC = (2.)[3.1(4.A{4.B}{4.C} = {11000)(100)(1](NAI(NA} = 1,100,000

EHSC = 1,100,000, Safety Class 1

1 Total quantity of radioactive material postulated to be released to the environment.

21 1 gallon = 3.785 liters, 1 galion = 8.34 Ibs (at 40C, a specific gravity of 1, and atmospheric pressure)
13 Examples of sensitive surface waters are the Columbia River and West Lake.

4! Airborne pathways do not apply for this sensitive surface water or offsite boundary criterion (Table 1,

Criterion 12, Ref. 9.
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2. EHSC CALCULATIONS FOR SCENARIOs 1c and 1d

Following work sheets from EP-1.4 (Ref. 9) determine the EHSC for both
Waste Transfer Supply Line and Return Line Break scenarios with liquid release time for
10 seconds after a seismic shutoff plus line gravity flow.

RADIOACTIVE MATERIAL EHSC CALCULATION

COMPONENT/SYSTEM: _Supply snd Ratim transfer Lina Bresk DATE: 04/22/94 Shest 1 0of 2
DRAWING: LOCATION: -

1. MATERIAL FORM
s the radk F el dspersibie (i.e., other than & consciideted or stabiized saiid]? Disparsibl sals nclude: Squids,
i sch guses, - and bcdeted sobds.

P

{]1 Mo Stop. Amsocsted terms are safety caes 3, other crtena permitting.

[X] Yes Prooesd.

2. QUANTITY OF MATERIALS RELEASED MF{2.}= 2000

The followng metrix provad deiptying f which are 8 finctian of the total esti d are [ d to be
d to the . from the sy (s} (9), and/or {e) of i

From Tables B-2 snd B-3, Group radicisctopes by helf-Efe (T, ) ostegory end show total amotsit {in Curies (Ci)) for each
category for relense time of 8 hours: N

Ty<lyr Amout = 000 CI T,=1t0 100 yrs: Amoust = 783E+3 G

Ty>100yrs: Amout = 1.18E+1Ct

Half Efe
Amcern (C]) <iyr 1.100 yrs, > 100 yre.
<1 MF=1 MF=10 MF =100
1-1000 MF=10  MF=100 MF= 1,000
>1000-10* MF=100 MF=1000 MF=10,000
>10* MF=1,00 MF=10.000 MF=100,000

MF{2.} = SUM of underined MFs = 1000+ 1000 = 2000

F-42




WHC-SD-WM-SEL-033, Rev. 1

Form 5007 {Rav, 4/93) 2
navmnn GENERAL CALCULATION SET NO. REV. COMP. BY CHK'D BY
Engineers & Conatructors COMPUTATION
A Consdidanon of Badger ond UEAC SHEET 7362-H-006
PRELIM. | FINAL | voiD NIV %‘_
0 DATE TE
X - y-zz-94
PROJECT 241-C-106 Waste Retrieval
SHEET 39 OF 48 .
DATE DATE
SUBJECT Dose Consequences and EHSC
Calculations s.0. 7362.007

| RADIOACTIVE MATERIAL EHSC CALCULATION
_________—___——_—————_———_—
N Shest 20f 2

COMPONENT/SYSTEM: __Supply and Retun Transfer Line Beeak DATE: 04/22/94
DRAWING: ~ LOCATION:
3. TOTAL QUANTITY OF MATERIAL RELEASED™ = _1.04E+4 fter MF{3.}= 10
(2.76E +3 galons)
<100 gul ........ MF=1 >1,000-10,000 gul ... MF= 10 )
>100-1,000gai ... MF= 5 10,000 gui ........ MF =100
4. PROXIMITY TO ENVIRONMENTAL RECEVERS
A. DEPTHTO AQUIFER = _> 150 feat I MFl4.A)= 1
> 150 fost ....cco.ne MF=1 2175 fest ....... MFuS
78-150 fost ......... MFa=2 0-20 fest ........ MF=10
.. | MF(4.8)= NA
l MF{4.C}= NA

C. DISTANCE TO OFFSITE BOUNDARY™ = HA foat
2500 fest ... MA  1000-2500 feat ... MF=5 <1000 fest ... MF=10

_—_____—_______—————————_———_—____—————__———__'-'_-___—
5. CALCULATION OF ENVIRONMENTAL IMPACT FOR SAFETY CLASSIFICATION

ﬂnEBCh“.wMumﬁm-ﬁtmhﬁ-mwﬁnfna(Hﬂﬁunﬂnmm-bovt
Terms 4.A, 4.B, and/or 4.C are spphed whers legits pathrweys to the enva exist,

EHSC = (2.)(3.){4.A){4.8){4.C) = ({2000)[10}[1}{NA}NA)} = 20,000

EHSC = 20,000, Safety Ciass 3

to be released to the environment.

" Total quantity of radioactive material postulated
40C, a specific gravity of 1, and atmospheric pressure)

121 1 gallon = 3.786 liters, 1 gallon = 8.34 Ibs (at
13 Examples of sensitive surface waters are the Columbia River and West Lake.
# Ajrborne pathways do not apply for this sensitive surface water or offsite boundary criterion (Table 1,

Criterion 12, Ref. 9.
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Table 3-1 Radionuclide Source Term (Ref. 13)

ISOTOPE C-106, SLUDGE (See || AY-102, SUPERNATANT(See
Notes below) Notes Below)
Ba/L CURIES/L Bq/L CURIES/L
- Am-241 5.56E+7 1.50E-3
c-14 1.23E+4 3.32E-7
Co-60 4.50E+7 1.22E-3
Cs-137 1.75E+10 | 4.73E-1 4.03E+9 1.09E-1
1-129 4.29E+3 1.16E-7
Pu-239/240 || 1.42E+8 3.84E-3
$r-90 || 1.05E+11 | 2.84E+0
Tc-99 | 1.16E+7 3.14E4
u-238 | 1.53E+4 4.14E-7
Notes

Values are taken from Ref. 13, See Table C-7 for AY-102 (with AY-
101 supematant) and Table C-9 for C-106 solids

Per Criterion 14 on Sh. 5, C-106 will have supernatant from AY-101

via AY-102.

Curies/ L = (Bq/ L}/ (3.7E + 10}
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Table B-2. Release Curies (data from Table B-1)
Scenarios 1a and 1c¢ {Supply Line)
Halfdife Total Release, Curies
lsotope 2hr Seismic shutoff
Yrs. (Scenario 1a, {Scenario 1c,
See Nots 1) See Note 2}

Am-241 432.2 7.38E+1 2.35E+0

c-14 5730 1.63E-2 5.20E4

Co-60 5.27 6.00E+1 1.91E+0

Cs-137 30.17 3.58E+4 1.14E+3

I-129 1.57E+7 5.71E-3 1.82E4

Pu-239/240 | 2.41E+4 1.80E+2 6.01E+0

Sr-90 28.6 1.40E+5 4.45E+3

Te-99 2.13E+5 1.54E+1 4.92E-1

U-238 4.47E+9 2.04E-2 6.48E-4
Notes:
1. Based on Release Volume of 1.64E+5 Liters {4.33E+4 gallons, from

Scenario 1a and Criterion 15)
2. Based on Release Volume of 5.22E+ 3 Liters {1 .38E+ 3 gallons, from
Scenario 1c and Criterion 15)

3. Example Calc. for total release in curies: Cs-137 and 2 hour release

From Table B-1, (4.73E-1) x 0.30 x (1.64E+5) + {1.09E-1) x 0.70 x
{1.64E+5) = 3.58E+4 Curies
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Table B-3. Release Curies {Data from Table B-1)
Scenarios 1b and 1d (Retum Line)

Halfife Total Relesse, curies
isotope 2hr Seismic shutoff
Yrs. {Scenario 1b, {Scanario 1d,
Sae Note 1) See Note 2)
Am-241 432.2 2.46E+1 7.83E-1
c-14 5730 5.44E-3 1.73e4
Co-80 5.27 2.00E+1 6.37E-1
Cs-137 30.17 2.38E+4 7.59E+2
1-129 1.57E+7 1.80E-3 6.06E-5
Pu-239/240 | 2.41E+4 6_.305 +1 2.00E+0
§r-90 28.6 4.66E+4 1.48E+3
Tc-99 2.13E+5 5.15E+0 1.64E-1
u-238 4.47E+9 6.79E-3 2.16E4

Notes:

1. Based on Release Volume of 1.64E+5 Liters (4.33E + 4 gallons, from
Scenario 1b and Criterion 15)

2. Based on Release Volume of 5.22E + 3 Liters (1.38E + 3 gallons, from
Scenario 1d and Criterion 15)

3. Example Caic. for total release in curies: Cs-137 and 2 hour release

From Table B-1, (4.73E-1) x 0.10 x (1.64E+5) + (1.09E-1) x 0.90 x

{(1.64E+5)

= 2.38E+4 Curies
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3. EHSC CALCULATIONS FOR SCENARIO NO. 2 UNFILTERED RELEASE

DUE TO HVAC RECIRCULATION LINE BREAK

From Tables B-2 and B-3, the curies per liter values are low for 10 %
C-106 solids and 90 % AY-102 supernatant (from AY-101). When
these numbers are multiplied by the release volume of (0.073 X 4)
liter, release curies will be insignificant and do not warrant any further
calculations. Therefore, HVAC should be classified as SC-3, as
determined per the dose calculations under Scenario 2.
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SUMMARY AND CONCLUSIONS

Scenario 1;: WASTE TRANSFER SUPPLY AND RETURN LINES BREAK

Scenarios 1a and 1b: Waste Transfer Supply and Return Lines Break, 2 hour
Release Time

The calculated offsite EDE dose value for-both supply and return lines break,
Scenarios 1a and 1b, is 8.4E-1 mrem. This is within the allowable limit of 500
mrem of Ref. 9. Similarly, the calculated onsite EDE dose value is 8.1E-1 rem
which is within the aliowable limit of 5 rem per Ref. 8. SC-3 classification is
required based on the dose calculations per Criterion 3 of Ref. 9

EHSC calculation was performed in Step B.1, and the calculated EHSC value of
1,100,000 is greater than the value of 1,000,000. SC-1 classification is required
to be specified for both supply and return transfer lines per Criterion 10 of Ref. 9.
Project W320 decided to install a seismic switch in order to reduce.the impact on
the personnel safety and health hazards due to dose consequences, and the
environment via soil contamination due to large quantity of waste spill on to the
ground during transfer lines break, especially if the system continues to operate for
a longer periods of time for lack of necessary instrumentation before the system is
shutdown. See summary and conclusions for Scenarios 1c and 1d for line breaks

with seismic shutoff.

Scenarios 1c and 1d: Waste Transfer Supply and Return Lines Break, 10 Seconds
Release Time With Seismic Shutoff

The calculated offsite EDE dose value for both supply and return lines break,
Scenarios 1c and 1d, is 4.2E-2 mrem. This is within the allowabie limit of 500
mrem of Ref. 9. Similarly, the calculated onsite EDE dose value is 8.0E-2 rem
which is within the allowable limit of 5 rem per Ref. 9. SC-3 classification is
required based on the dose calculations per Criterion 3 of Ref. 9
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EHSC calculation was performed in Step B.2, and the caiculated EHSC value of
20,000 is less than the value of 500,000. SC-3 classification is acceptable based

on EHSC calculations per Criterion 13 of Ref. 9

Based on the onsite EDE values (using release time of 10 seconds), the time to
reach the SC-1, Criterion 1 of Ref. 9 (500 mrem for offsite individual), will be
equal to 33 hours [500 mrem / (4.2E-5 rem X 1000 mrem/rem x {3600 sec/hr /10
sec)], and the time to reach the SC-2, Criterion 2 of Ref. 9 (5 rem for onsite
individual), will be equal to 10.4 minutes [5 rem / (8.02E-2 rem x (60 sec/min /10
sec)]. Since the estimated time (10.4 minutes) to reach SC-2 criterion does not
provide sufficient time to implement recovery actions, the waste transfer lines

should be classified as SC-2.

Scenario 2: UNFILTERED RELEASE DUE TO HVAC RECIRCULATION DUCT BREAK
The calculated offsite EDE dose value of 4.4E-1_mrem is within the allowable limit
of 500 mrem, and the calculated onsite EDE dose value of 4.2E-1 rem is also
within the allowable limit of 5 rem per Ref. 9 for a 2 hour air borne release to the
environment. EHSC calculation was not performed as noted in Step B-3 due to
very low release volume to the environment. Based on the onsite EDE values, the
time to reach SC-2 per Criterion 2 of Ref. 2, will be equal to 24 hours.

Therefore, the new ventilation system should be classified as SC-3 per Ref. 8 and
Ref. 9.

Scenario 3: SPRAY LEAK FROM A JUMPER OR CONNECTOR INSIDE THE PIT

Scenario No. 3a: Spray leak from a Jumper or Connector inside the pit with cover

block off, and_a release time of 2 hours

The calculated offsite EDE dose value of 3.1E+3 mrem exceeds the allowable limit
of 500 mrem, and also, the calculated onsite EDE dose vaiue of 2.9E+3 rem
exceeds the allowable limit of 5 rem per Ref. 9. This calculation confirms that
waste transfer pit covers provide confinement of aerosol release to the
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environment, and therefore, should remain in place prior to transfer operation. See
evaluation for Scenarios 3b and 3c.

Scenario No. 3b: Spray leak from a Jumper or Connector inside the pit/box with

cover block on with_all the openings closed, and a release time of 8 hours

The calculated offsite EDE dose value of 1.6E-4 mrem is well within the allowable
limit of 500 mrem, and also, the calculated onsite EDE dose value of 1.BE-4 rem.is

well within the allowable limit of 5 rem per Ref. 9.

Therefore, the pit covers should always be installed prior to any transfer operation
via the jumpers/connectors within the pit.

Scenario No. 3c: Spray leak from a Jumper or Connector inside_the pit/box with

cover block on and 2 inch valve handle hole open, and a release time of 8 hours

The calculated offsite EDE dose value of 6.5E-2 mrem is well within the allowable
limit of 500 mrem, and also, the calculated onsite EDE dose value of 6.2E-2 rem is

less than the allowable limit of 5 rem per Ref. 9.

However, in order to be within the ALARA guidelines of Ref. 6, it is recommended
that the valve handle hole shall be opened with necessary precautions and proper
procedures, and pits/boxes monitored for leaks.
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Westinghouse Internal
Hanford Company Memo
From: Radiation Physics and Saielding 22570-HJG~34-305
Phone: 6-3765 HO-3%

Dazta: January 6, 1994

Subject: TANKS 106-C AND 102-AY SOUIPMENT PACKAGING DOSE CONSEZQUENCE
ANALYSIS FOR SAFETY CLASS ASSIGNMENT

Ta: D. 8. Calmus T G2-32
ce: J. G. Field G2-02

J. Gresnborg HO-35

R. L. Simons HO-35

S. R. Gedeaon HO-35

HJG File/LB

REFERENCES: Internal Memo 22570-HJG-34-001, H.J.Go]dperg to D.8.Caimus.
"Tanks 106-C and 102-AY Equipment Packaging Dose Consaguencs
Analysis", 7 October 1993

The following analysis is a modification of the analysis referencad zpove
that was developed to support evaluations in the Safety Evaluation for
Packaging (S&P) for the 106-C project. The prasant analysis is to
facilitate the assignment of a safaty classification to the packages. The
release is assumed to be an unmitigatasd releasa, and thus 100% of the
inventories have been assumed to have been released in the accident
scanario. In addition, the onsite worker has been assumed to be 100 m from
the accident. Thesa criteria were made to canforq to WHC-CM-3-1; Seczion
EP-1.1 Rev. 1, Standard Engineering Practicas; Safaety Classification.

In the previous analysis, the wastz was in a solid crystalline form. As per
WHC-CM-6-1, 100% of this material was assumed to be releasad from the
shipping container. [n order to ascertain the fraction in the respirable
range that becomes airborne, the matarial was assumed to be in a powder form
when releasad. Since the time ‘'of the original analysis, saveral questions
have arisen which will be discussed below.

[t can be argued that 100% of release from the shipping container does not
impiy 100% release of the material from the pump surface. This matariaj was
washed with a 3,000 psi watar spray. While it was decided that no cresdit
would be taken for the cleaning effect of this spray process, it can 2asily
be argued that any material that remains on the pump aftar this treatment is
relatively fixed. It boggies the mind to imagine that matarial that is so
fixed could be completely dislodged by a fall of a meter or so from the
shipping container on the back of a truck.

0O and Eng g C for the US Deoartment of Enargy
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0. B. Calmus : 22570-HJG-94-005
Page 2
6 January 1994

In addition, only a fraction of these crystals would be crushed to a powder
that is respirable (g lp). An analysis of an FFIF assembly came to the
conclusion that, at most, only about 10% of the fuel would be powdered by
being crushed between 3 transport vehicle and a concrete flgor. I can dig
this number out of the literature, but in the time available for this
epistle necassitates that I must rely on my memory.

I would think that, if an accident were to occur, the pump slides out of the
damaged container, and a portion of it is crushed by the overturned truck, a
conservative estimate of that portion of -the attached crystalline material
that is removed from the pump might be 50%.

Of this material, it is also quite conservative if we assume that half of
that released material is crushed into a powder of a respirable sized
particles. The rest will be in the form of Targer crystals. While I do not
have very much experienca with this matarial and its form on removed
equipment, I do recall reading reports about the removal of the air lance
from the 101-SY tank.

In that operation, large chunks of material, some salid and some in a more
liquid form, fell to the ground. From what I read of the solids in that
case it is extremely unlikely that crystals of that size would have become
dirborne in less than a tornade. In addition it takes an active imagination
to imagine a nostril capable of inhaling such chunks.

Thus, I would not find it difficult to estimate that 25%-30% of the material
were to be rejeasad to the ground in the form of particlas that are
respirable. To this inventory, the previously applied airborne fraction
would be available for inhalation by persons standing 100 m from the
accident sita. With thess changes in the parameters of the problem, the
dosas to a worker and to the maximally expasad farmer are as follows;
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Effective Dose- Equivalent (EDEY

106-C Heel Pymp | 3.3 , 0.03
106-C Transfar Pump | 0.45 ' 0.003¢
102-AY Agitator Pump | 2.0 | 0.036

| Dosa to Worker (rem) , Oosa to Farmer (rem) !
|
i
|
|

Thus, it would seem that all of the packages analyzed ars in safety class
three. This conclusion is based on safety class critaria prasanted in EP
1.4 indicating that estimated releasas less than 0.5 rem for offsits workers
and greater than 5 rem for onsite workers are safety ciass two and releases

Tess than 5 rem to onsite workers are safety class three.

74 %;féixﬁé// ~ .
y 4 \ /
@% J/’M CONCURRENCE: _e—< \C—g‘/«,’(——\

Harvey J. Gonberg/ . (Jess uareenoorg, Manager, .
Princigal Engines . Radiation Physics and Shieiding
/ 7 g
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CHECKLIST FOR CALCULATION REVIEW AND APPROVAL

Document Reviewed (Complete reference) _ Tanks 106-C and 102-4Y Equioment

Packaging Shielding Analvsis for Safetvy Class Assianment

Author(s) Harvev Goldbera

CHECXLIST FOR CALCULATTON REVIEW

Yes No N/A

General Considerations

[/ [ 1 [ ] Problem completely defined.

LA (] Necessary assumptions explicitly stated and supported.

ryl] Computer codes and data files documented. ,

L/T {1 [ ] Data used in calculations explicitly stated in document.

JA 0] []1 Data checked for consistency with original sourcs information
as applicable.

LT 01 (] Mathematical derivations checked including dimensional
consistency of results.

LA LT1 [1 Models appropriate and used within range of validity or use
outside range of established validity justified.

P/f,[ ] [ ] Hand calculations checked for errors.

(101 J;/T Code runstreams correct and consistent with analysis documen-
tation.

(1] ‘}/1/ Code output consistant with input and with results reported
in analysis documentation.

5/1/[ I [1 Acceptability Timits on analytical results applicable and
supported. Limits checked against sources.

J?/{ (] [ ] Safety margins consistent with good enginearing practices.

}/f (1 (1] ?onclusions consistent with analytical results and applicable

imits.

;/4/E ] [ 1 (Results and conclusions address all points required in the
problem statement.

Reviewer Name: Stephen R. Gedeon

(print or type)

Axhao Q;*S;A%

Technical Reviewer Approval Date

Nota: Any calculations, comments, or notes generated as part of this
review should be signed, dated and attached to this checklist.
Such materjal should be labeled and recorded in such a manner as
to be intelligible to a technically qualified third party.
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