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EXECUTIVE SUMMARY

The purpose of this supporting document is to provide safety
classifications for systems, structures, and components of the Tank 241-C-106
Waste Retrieval Sluicing System (WRSS) and to document the methodology used to

develop these safety classifications.

The WRSS requires two transfer lines, one to carry sluiced waste slurry
to tank 241-AY-102 and the other to return supernatant to tank 241-C-106;
pumps in each tank; sluicers to direct the supernatant stream inside tank
241-C-106; a slurry distributor in tank 241-AY-102; heating, ventilation, and

air conditioning for tank 241-C-106; and instrumentation and control devices.

The WRSS components have been classified on the basis of the safety
functions they perform and on the consequences should a system fail to perform
its safety function. Existing systems used in support of WRSS operations have
been classified on the basis of safety equipment lists for the single-shell

tank systems and the Aging Waste Facility systems.

Radionuclide concentrations for tank 241-C-106 and for tank 241-AY-102
have been used as the basis for source-term development and accident
consequence analysis. The tank 241-C-106 WRSS safety classifications are
based on onsite and offsite effective dose equivalent values developed from
the consequence analyses for the various accident scenarios. Safety
classifications for WRSS and for the existing tank- 241-C-106.and tank
241-AY-102 systems are given in the following summary tables, Tables ES-1,
ES-2, and ES-3.
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Table ES-1. Tank 241-C-106 Waste Retrieval Sluicing Equipment List and
Safety Classification.

Justifications
Safety “CM-4-
New Systems class (SC) S‘_ection of HHCT:&: 11'6'
this document criterion™
Safety systems

sluicing waste transfer system sc-1 4.1

. Seismic switch SC-1_ 4.1.1 2

. Primary transfer pipes to and from tanks sc-2 4.1.2 i

. Secondary transfer pipes to and from tanks sc-3 4.1.3 16

. Sturry distributor sc-3 4.1.4 1%

. Syphon protection sc-3 4.1.5 16

. Pit cover blocks sc-3 4.1.6 16

. Seal toop sc-1 4.1.7 2

. Waste transfer equipment (e.g., pumps, R

valves, pipes, flanges) in pits sc-3 4.1.8 16
. Raw water supply and transfer line flushing sc-3 4.1.9 16
system .

. Compressed air system sc-3 4.1.10 16
Ventilation system sc-3 4.2

. Process building skid sC-3 4.2.1 )

. Chiller skid sc-3 4.2.2 16

. Exhaust skid sc-3 4.2.3 16
Ventilation exhaust radiation monitoring system sc-3 4.3 16
(continuous air monitors and record samplers)
In-tank imaging system sC-3 4.4 ié
AC power sC-3 4.5 16
Itnstrumentation Control System sC-3 4.6 16

OYHC-CM-4-46, Safety Analysis Manual, Section 9.0, Table 1.

AC = altermating current.
SC = safety class.

iv
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Table ES-2.

Existing Systems List and Interim Safety

Classifications for Tank 241-C-106. (2 sheets)
Justifications
Existing system descriptions clgg;e2§c> Section of SST WHC-CM-1-3,
ISEL™ Teble 1%
Safety systems
Primary dome and tank $C-t 4.%.1, 4.2 1,2
Active ventilation system $C-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 sc-3 4.1.2 3
pot
. Air inlet filters sC-3 4.1.2 3
Active ventilation exhsust radiation monitoring s¢-2 4.3.4, 4.7 19
system
. Continuous air monitors sC-2 4.3.4, 4.7 2
. Record samplers sc-2 4.3.4, 4.7 F4
Tank temperature instrumentation [IOSRI™ 4.3.1 .-
. Thermocouples [I0SR)* 4.3.1 --
Tank liguid-level instrumentation [10SR1™* 4.3.3 .-
. ENRAF™’ E10SR]* -- .-
. Manual tapes 5C-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™ [10SR)* 4.4.3 -~
. Active ventilation system Sc-3 4.4.3 3
. Temperature monitoring [10SR]* 4.4.3 --
instrumentation
. Liquid level monitoring [105R]* 4.4.3 -
instrumentation
. I‘.eak detecti?n monitoring sc-3 4.4.3 3
instrumentation
Compressed air sC-3 4.4 4 3
. Instrument air supply to monitoring sc-3 A 3

instrumentation
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Table ES-2. Existing Systems List and Interim Safety
Classifications for Tank 241-C-106. (2 sheets)

Justifications
Existing system descriptions cloat®they | section of ssT WHC-CM=1+3,
ISEL™ Table 1
Raw water supply sc-3 4.4.5 3
Fire protection system sC-3 4,5 . 22

®yidder, R. J., 1993, Single-Shell Waste Tanks Interim Safety Equipment List, WHC-SD-WM-SEL-027,

Rev. 1, Westinghouse Hanford Company, Richland, Washington.
®IUNC-CH-1-3, 1991, Manegement Reguirements _snd Procedures, MRP 5.46, "Safety Classification of

Systems

P Components, and Structures.'
“JENRAF is a trademark of the ENRAF Corporation.

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

AC
HEPA
108R

sC

[10SRY”

alternating current.

high-efficiency particulate air.
interim operational safety requirement.
safety class.

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 requirement (OSR)
related. The additional OSR designation will emsure the priority and funding for
continuved operation and maintenance of these items consistent with OSR reguirements (IOSR

where spplicable).

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 clessifications. In the interim,
spproval requirements shall include Nuclear Safety and Quality Assurence, as & minimum,
and Environmental Assurance where deemed appropriate.

A
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Table ES-3. Existing Systems List and Interim Safety
Classifications for Tank 241-AY-102. (2 sheets)

Justifications
foer coas Safety class
Existing system descriptions (yscc) as Section of AWF WHC-CM-1-3,
1SEL™ Table 1*
Tank SC-1 -- 10
. Primary tank sC-1 4.2.1 . 10
. Secondary tank, refractery 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 intertank 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 sc-3 4.2.3.3 3
equipment (e.g., pumps, valves, pipes,
flanges, leak detectors)
Primary tank ventilation system (A-702 Building)™ sC-2 L.1.3 2
. Ventilation duct work §C-2 A 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)*’ sC-2 4.1.6 F4
. Exhauster, 112-m'/s (4,000 ft’/min) sc-2 4.1.4 2
. Ventilation duct work sc-2 4.1.4 2
Annuius ventilation system sc-2 4.1.5, 4.8 24
Instrumentation (for verious systems)
. Primary tank instrumentation system
- Temperature measurement system [10SR}* 4.3.2 --
- Liquid-tevel measuring system [10SR)* 4.3.7 --
- Pressure/vacuum measuring system [IOSR]1* 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 $C-3 4.3.%9 14
radiation monitoring system
. Secondary tank instrumentation N
- Tank concrete structure §C-3 4.3.3 3
thermocouples
- Pressure/vacuum measuring system sC-2 4.3.4, 4.8 24

vii
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Table ES-3. Existing Systems List and Interim Safety
Classifications for Tank 241-AY-102. (2 sheets)

Justifications
Existing system descriptions Safe?gg?ass Section of AWF WHC-CM-1-3,
ISEL™ Table 1™
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 b.4.7, 4.8 7 24
. Balance of plant sc-3 4.64.7, 4.8 --
AC power system {(AWF boundaries) [I0SRI™ -- .-
. @ormal AC power for primary tank [I0SR)* 4.4.3 -.
instrumentetion
. Caterpillar diesel generator [TOSR)™* 4.4.3.1 -
. Normal AC power for ventilation sc-2 4.4.5, 4.4.6 4
. Detroit™ diesel generator sc-2 4.4.5.1 24
Raw water system (AWF boundaries) sC-2 4.6.9, 4.8 24
Raw wWater system (service pits and boxes) sc-3 4.4.9 3
Emergency cooling water system"' s¢-2 4.4,10, 4.8 24
Steam supply system (AWF boundaries)™ s5C-2 4.4.2, 4.8 24
Steam supply system (balance of plant) sC-3 -- 3
Fire protection system 5C-3 4.5 22
Air-1ift circulators [IOSR1* 4.4 --
. Compressed air system - process air 4.6.1 -
. Raw water system ' 4,41 --

“Kjdder, R. J., 1993, Aging Waste Facility Interim Safety Equipment List, WHC-SD-WM-SEL-020,
Rev. 2, Westinghouse Hanford Company, Richland, Washington.
“'WHC-CM-1-3, 1991, Management Reguirements and Procedures, MRP 5,46, "“Safety Classification of
Components, and Structures.”
&’Hay be replaced by Project W-030 ventiiation system.
“'caterpiliar is a trademark of the Caterpillar Corporation.
“petroit is & trademark of the Detroit Corporation.

Systems

AC = alternating current.

AWF = Aging Waste Facility.
[OSR = interim operational safety requirement.
ISEL = interim safety equipment list.

SC = safety class.

[IOSR)*: The notation [IOSR1" has been designated for those systems, components, and structures
important to health, safety, and environmental protection but for which current anmalyses
are not sufficient to establish the safety classification. Such items shall be treated as
safety class 3, with additional designation as operational safety requirement (OSR)
related. The additional OSR designation will ensure the priority and funding for continued
operation and maintenance of these items consistent with OSR requirements (l10SR where
applicable).

The [I0SR)™ safety classification wilt 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,
epproval requirements shall include Nuclear Safety and Quality Assurance, as a minimum, and
Environmental Assurance where deemed appropriate.
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UNITS OF MEASURE AND METRIC CONVERSION CHART

If 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 2.2046226 E-6 pounds
Volume
Titers 0.26 gallons
cubic meters 35.3147 cubic feet
Temperature
Celsius multiply by 9/5ths, then | Fahrenheit
add 32
Joules 9.47 E-4 British thermal unit
kilowatts 3412.14 British thermal unit
Pressure
kilograms per-square- 14.223334 pounds per-square-
centimeter inch
Pascal 2.952 E-4 inch Mercury
Pascal 4.0147 E-3 inch water gauge
Flow Rate
meters per-second 3.2808398 feet per-second
meters per-second 2.2371364 miles per-hour

Source:
Incorporated, Boca Raton, Florida.

R. C. Weast, Ph.D., 1PB9-1990, CRC Hendbook of Chemistry and Physics, 70th Ed., CRC Press,
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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,"
Section 3137 of the National Defense Authorization Act for Fiscal Year 1991,
Public Law 101-510, 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. A Plan to Implement Remediation of Waste Tank Safety Issues
at the Hanford Site, WHC-SP-0697 (Wilson 1993), has identified tank 241-C-106
as the fourth Priority 1 safety issue.

The Hanford Federal Facility Agreement and Consent Order
(Ecology et al. 1994}, also known as the Tri-Party Agreement, requires
initiation of a "full-scale demonstration of waste retrieval technology. .
by October 1996" as the initial phase of single-shell tank (SST) closure.
Tank 241-C-106 has been identified as the retrieval demonstration tank by the
U.S. Department of Energy (DOE), and the Washington State Department of
Ecology has concurred in this selection. The goals of the Tank 241-C-106
Waste Retrieval Sluicing System (WRSS) are (1) to stabilize the tank by
reducing the heat load in the tank to less than 42 MJ/h (40,000 Btu/h) and
(2) to initiate demonstration of SST retrieval technology.

1.1 PURPOSE

DOE orders and Westinghouse Hanford Company (WHC) procedures require
safety classifications for the systems, structures, and components in all
nonreactor facilities for which safety analysis reports or safety assessment
documents are prepared. This supporting document provides safety
classifications for systems, structures, and components that are part of the
WRSS and documents the methodology used to develop the safety classifications.
Appropriate references are made with regard to use of existing systems,
structures, equipment, components, and parts for tank 241-C-106, a
single-shell transfer tank located in the C Tank Farm, and for 241-AY-102, a
double-shell receiver tank located in the Aging Waste Faciltity (AWF).

1.2 SCOPE

This supporting document has been written in accordance with Nonreactor
Facility Safety Analysis Manual, WHC-CM-4-46, Section 9.0, "Assigning Safety
Classes to Systems, Structures, and Components," to provide safety
classifications for new or modified items that are part of the WRSS. Items
considered in this safety classification process are Tisted in Table 1-1. The
safety equipment 1ist (SEL) will be revised as additional safety
classifications are determined. Descriptions of existing items that are used
to support the WRSS operation are outlined in Aging Waste Facility Interinm
Safety Equipment List, WHC-SD-WM-SEL-020 (Kidder 1993a) and Single-Shell Waste
Tanks Interim Safety Equipment List, WHC-SD-WM-SEL-027 (Kidder 1993b).
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Table 1-1.

Tank 241-C-106 Waste Retrieval Sluicing System:

Systems and Equipment List.

Systems

Equipment

Sluicing waste transfer system

Seismic switch

Primary transfer pipes

Secondary transfer pipes

Slurry distributor

Syphon breaker

Pit cover b]ocks

Seal Toop

Waste transfer equipment in pits

Raw water supply and transfer line
flushing

Compressed air system

Ventilation system

Process building skid
Chiller skid
Exhaust skid

Ventilation exhaust radiation
monitoring system

Continuous air monijtars,
record samplers

In-tank imaging system

In-tank monitoring of level and
distribution of slurry

AC power systems

C Tank Farm

MCC-N1, ventilation system and
monitoring instrumentation

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

AY Tank Farm

MCC, sTuice pumps and monitoring
instrumentation

AC = alternating current.
MCC = motor control center.
WRSS = Waste Retrieval $Sluicing System,
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The relationships between the safety classification criteria are
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 interim safety classifications for existing items are based on the
AWF SEL (Kidder 1993a); the SST SEL (Kidder 1993b); Safety Analysis Report
Stabilization of Single-Shell Waste Storage Tanks by Salt Well Jet Pumping,
WHC-SD-WM-SAR-034 (Boyles 1989); and Single-Shell Tank Isolation Safety
Analysis Report, WHC-SD-WM-SAR-006 (Prosk and Smith 1989); and are augmented

by the following:

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

o Hanford Site Tank Farm Facilities Interim Safety Basis,
WHC-SD-WM-ISB-001 (Leach and Stahl 1993)

o Preliminary Safety Evaluation for 241-C-106 Waste Retrieval,
Project W320, WHC-SD-WM-PSE-010 (Conner 1994).

The safety classifications in this document are based on the accident
analyses in WHC-SD-WM-PSE-010 {Conner 1994), safety classification guidelines
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in WHC-CM-4-46, and available supporting data for the WRSS. The following new
analyses were done to determine safety classifications for new or modified

jtems:

« Source terms (Section 3.2; constituent listing of source terms in
Appendix A)

» Dose exposure calculations (see Appendix B)

e Offsite radicactive soil contamination {see Section 3.3.2 and
Appendix B).

1.4 GENERAL FACILITY DESCRIPTION

This general description of the C Tank Farm, AY Tank Farm, and WRSS
includes background, monitoring systems, ventilation, and stabilization
activities along with brief descriptions of the existing support systems that
will monitor temperature, liquid level, leaks, and radiation during operation
of the WRSS. Detailed descriptions of the existing support systems for tanks
241-AY-102 and 241-C-106 are in the AWF and SST SELs (Kidder 1993a and 1993b).

1.4.1 Background

Past fuel reprocessing operations conducted at the DOE Hanford Site have
generated high-Tevel 1iquid and solid wastes. One hundred forty-nine SSTs and
four aging waste tanks were built between 1943 and 1964 to store liquid
radioactive wastes. The SSTs are located in the 200 East and 200 West Areas;
the AWF tanks are Tocated in the 200 East Area.

Tank 241-C-106 is a 2,000,000-L- (530,000-gal-) capacity SST located in
the ¢ Tank Farm in the 200 East Area. This tank has been used for radiocactive
waste storage since 1947. Between 1963 and 1969, tank 241-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., Tank 241-C-106 was
withdrawn from active service in 1979 and is categorized as sound (i.e., not

known to be Teaking).

According to Waste Tank Summary Report for Month Ending September 30,
1995, WHC-EP-0182-90 (Hanlon 1995), the waste contained in tank 241-C-106
consists 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), and the bottom layer consists of 91,000 L (24,000 gal) of hardened
material that, 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 tank 241-C-106 in Chemical Compatibility of Tank Wastes in 241-C-106,
241-AY-101, and 241-AY-102, WHC-SD-WM-ES-290 (Sederburg 1994), 121,000 L
(32,000 gal) are supernatant and 61,000 L (16,000 gal) are interstitial.
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In 1971, temperatures exceeding 99 °C (210 °F) were measured in
tank 241-C-106. As a result of these high temperature measurements, a
ventilation system was installed to cool the tank. About 23,000 L (6,000 gai)
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/h (1.1 x 10° Btu/h) according to Revised Thermal History
of Tank 241-C-106, WHC-SD-WM-ER-200 (Bander 1993a); Tank 241-C-106 — Radial
Variation of Thermal Conductivity and Heat Generation, WHC-SD-WM-ER-217
(Bander 1993b); and Tank 241-C-106 Process Test Report, WHC-SD-WM-ER-427
(Bander 1995).

Tank 241-C-106 WRSS, Project W-320, is intended to mobilize and remove
the heat-generating sludge from tank 241-C-106 in the C Tank Farm and transfer
it to tank 241-AY-102 in the AWF. Tank-to-tank sluicing, an existing
technology, provides the earliest possible closure of this high-heat safety
jssue. The WRSS functional design criteria (FDC) are given in Functional
Design Criteria for Tank 241-C-106 Waste Retrieval, Project W320,
WHC-SD-W320-FDC-001 (Bailey 1995).

1.4.2 Sluicing Waste Transfer System

The WRSS is designed to use a high-volume, high-velocity stream of
inhibited water, moved by a submersible sluice pump in series with a
variable-speed-drive sluice booster pump in tank-241-AY-102 and a sluicer in
tank 241-C-106, to mobilize the waste sludge in tank 241-C-106 and prepare a
slurry suitable for pumping. The sludge is broken up by the sluicer, forming
a slurry in tank 241-C-106; the mobilized waste is removed by the pumps at
about the same rate that the inhibited water is introduced into
tank 241-C-106. The waste is then transferred to tank 241-AY-102 through an
encased slurry transfer pipeline. (The term "inhibited water" is synonymous
with the term "supernatant” in this report.)

Before beginning sluicing operations, the supernatant contained in tank
241-AY-102 will be transferred through existing transfer lines to either the
2427 Evaporator/Crystallizer, for volume reduction, or to another double-shetll
tank. Inhibited water will then be transferred to tank 241-AY-102 through
existing lines or other supporting systems in the AY Tank Farm. Transfer of
the supernatant in tank 241-AY-102 to the 242A Evaporator/Crystallizer, or to
another double-shell tank, and the transfer of the inhibited water to
tank 241-AY-102 are not within the scope of Project W-320.

1.4.3 Leak Detection Monitoring

No release of hazardous material is expected during normal transfer
operations although small residual amounts of radioactive material are
expected to be available for release during jumper. change operations. large
leaks that result in an accumulation of solution on the floor of the pit will
be detected by a leak detection element and controlled by returning the leaked
wastes to the tank with which they are associated.
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If the addition of cooling water (23,000-L [6,000-gal] per month} to
tank 241-C-106 is stopped, the tank will dry out, sludge temperatures will
rise to exceed established limits, and structural damage to the tank may
result. Should the tank start to leak, continuing the water additions
required to cool the waste may increase the amount of leakage to the soil,

Leaks located between the primary and secondary tanks' confinement liners
in tank 241-AY-102 (a double-shell tank) will be controlled by the annulus
leak detection system. This system is designed to detect and recover any
leakage should a primary tank liner rupture.

The dry well monitoring system provides a limited leak detection
surveillance function in the C Tank Farm. The wells are open-bottomed mild
steel casings either 15- or 20-cm (6- or 8-in.} 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 distances of 1.8 to 3 m (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, ventilating, and air conditioning {(HVAC) system will be
provided for the WRSS as part of the tank 241-C-106 modification for
confinement of airborne particulate (Section 4.2). The ventilation system has
been designed to perform the following functions:

« Maintain a negative pressure

Remove heat from the tank
o Dehumidify recirculating air
« Remove aerosols from ventilation emissions

« Serve as a passive breather during interruptions of sluicing
operations or for active ventilation during extended maintenance

« Reduce fog formation in the tank's vapor space to improve visibility
for the remote viewing cameras, in accordance with Project W-320
Tank 241-C-106 Sluicing Process Flowsheet, WHC-SD-W320-TI-002
(Estey 1995).

1.4.5 Radiation Monitoring

The Ventilation Exhaust Radiation Monitoring System (VERMS) will consist
of a continuous air monitor (CAM) and a record sampler that will provide
continuous radiation monitoring of the ventilation exhaust (see Drawing
H-2-818561). The VERMS will be able to detect and partially mitigate a
radioactive aerosol leak, resulting from an unfiltered release of the exhaust
gases to the environment, by initiating a shutdown of the exhaust system.
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1.4.6 Tank 241-C-106 Existing Facility Description

The C Tank Farm comprises 12 tanks (tanks 241-C-101 to 241-C-112) rated
at 2,000,000 L (530,000 gal) each and 4 smaller tanks (tanks 241-C-201
to 241-C-204) rated at 207,500 L (55,000 gal) each. These tanks were
constructed during 1943 and 1944, Each of the tanks in the C Tank Farm has a
dry well monitoring system.

Tank 241-C-106 is partially interim isolated. Manual temperature
readings in tank 241-C-106 are taken weekly because the tank contains a high
heat 1oad. Tank surface levels are determined using an ENRAF' series 854
level gauge, a high-precision, low-maintenance device that detects variations
in the weight of a displacer suspended in the tank waste. Active ventilation
is provided for tank 241-C-106. A CAM monitors the exhaust flow and alarms if
limits are exceeded.

1.4.7 Tank 241-AY-102 Existing Facility Description

The AWF consists of four double-shell tanks (241-AY-101, 241-AY-102,
241-AZ-101, and 241-AZ-102) and associated monitoring and control facilities.
The tanks 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 connected 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 AY and AZ Aging
Waste Tank Farms are supported by facilities located in the A Tank Farm
complex and are served by utility systems that provide electrical power,
process and instrument air, steam, cooling water, and sanitary water.
Buildings, systems, and components of the AY and AZ Tank Farms are listed in
the AWF SEL, Table 1-1 (Kidder 1993a).

'ENRAF is a trademark of the ENRAF Corporation.
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2.0 METHODOLOGY

This chapter describes the criteria, interfaces, and methodology that
were used to develop the WRSS safety classifications.

2.1 SAFETY CLASSIFICATION CRITERIA

The WRSS systems are classified on the basis of the safety function they
perform and on the conseguences should a system fail to perform its safety
function. The classification process follows the guidelines provided in
WHC-CM-4-46, Section 9.0, and summarized in Section 2.3. Safety
classifications consider recovery time if appropriate; recovery time is the
time needed 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).

2.2 WASTE RETRIEVAL SLUICING SYSTEM FUNCTIONS AND INTERFACES

Information in the FDC (Bailey 1995) was used to determine the functions
of and interfaces between various WRSS systems. Existing tank farm systems
used to support tanks 241-C-106 and 241-AY-102 and the WRSS operation are
outlined in the AWF and SST SELs (Kidder 1993a and 1993b).
2.3 SYSTEM SAFETY CLASSIFICATION METHODOLOGY

The logical order for safety class determination requires the following
steps:

1. Identify hazards

2. ldentify existing safety systems (systems that mitigate radiological
or toxicological releases)

3. Identify the safety functions of each system
4. Identify credible accidents (probability of occurrence >1 x 10°%/yr)
5. Determine the tank inventory (activity and volume)

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

7. Identify the consequences of system failure
8. Determine radiological offsite and onsite doses

9. Evaluate the consequences of system failures against safety class
criteria

10. Assign appropriate safety classes to the systems.
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3.0 IDENTIFICATION OF HAZARDS AND
CONSEQUENCE ANALYSES

This chapter describes the preliminary hazards analysis (PHA), source
term definition, and consequence analyses for the WRSS. The PHA and the
consequence analyses for existing tank 241-C-106 and tank 241-AY-102 systems
that will be used for WRSS operation are in the AWF and SST SELs (Kidder 1993a

and 1993b). .

3.1 PRELIMINARY HAZARD ANALYSIS

The PHA conducted to identify potential hazards for the WRSS is
documented in WHC-SD-WM-PSE-010, Table 4-1 (Conner 1994). The potential
accidents were analyzed by determining event sequences, potential
consequences, mitigating features, recovery measures, and probability of
occurrence. The safety classifications for the front-line systems were
determined based on the hazards assessment (see Chapter 4.0). Chapter 5.0
describes the analysis of waste transfer line leaks, unfiltered releases to
the environment because of recirculation caused by an HVAC duct break, and
waste leaks from jumpers or connectors with pit covers in place.

3.2 SOURCE TERM

The radionuclide inventory data used to calculate radiological dose
consequences to onsite and offsite individuals are provided in Tank Waste
Compositions and Atmospheric Dispersion Coefficients for Use in Accelerated
Safety Analysis Consequence Assessments, WHC-SD-WM-SARR-016 (Savino 1995), and
in Source Term for Safety Analysis Support of the Waste Retrieval of Tank
241-C-106, Internal Memorandum 8M110-JCC-95002 (Conner 1995). The
radionuctide inventory data for tanks 241-C-106 and 241-AY-102 are included in
Appendix A, Tables A-1 and A-2.

Source Term Clarifications. The GENII dosimetry code
(Napier et al. 1988) and laboratory sample data for tank 241-C-106 solids and
tank 241-AY-101 supernatant in tank 241-AY-102 were used in WHC-SD-WM-1SB-001,
Appendix C (Leach and Stahl 1993) to determine unit liter respirable releases
from selected Hanford Site high-level waste tanks. The effective dose
equivalent (EDE) values are summarized in Table 3-1; the dose consequence
calculations are documented in Appendix B. It has been assumed that the
solids and/or sludge within tank 241-AY-102 will not be disturbed during
sluicing from tanks 241-C-106 to 241-AY-102.

A1l the radionuclides of concern have long half-lives, so 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 from WHC-SD-WM-ISB-001, Appendix C, Table C-5
(Leach and Stahl 1993). The receptor location conversion factors given in
WHC-SD-WM-15B~001, Appendix C, Table C-10 (Leach and Stahl 1893), have been

3-1



WHC-SD-WM-SEL-033 REV 2

Table 3-1. Effective Dose Equivalent/Unit Liter
Release for an Offsite and Onsite Individual
with and without Plume Meander.

CF EDE rem/L Solids EDE, rem/L
Liquid

Offsite
Inhatation 1 2.30 E-D2 1.80 E-05
without PM
Inhalation 0.64 1.47 E-02 1.15 E-05
with PM

Onsite
Inhalation 1,900 4.37 E+01 4.32 E-02
without PM
Inhalaticon 610 1.40 E+01 i.10 E-02
with PM

Note: 1.0 rem = 1.0 x 107 Sv.

EDE = effective dose equivalent.
CF = conservative multiplication factor.
PM = plume meander.

used to convert from the maximum offsite individual dose to doses for other
receptors. For purposes of this evaluation, and as recommended in

WHC-SD-WM-I1SB-001, Appendix C (Leach and Stahl 1993), the most conservative
multiplication factors (CF), with or without plume meander, have been used.

e« CF = 1 for maximum dose to an offsite individual, without piume
meander.

e CF = 0.64 for maximum dose to an offsite individual, with plume
meander.

e CF = 610 for maximum dose to an onsite individual at 100 m, with
plume meander.

e« CF = 1,900 for maximum dose to an onsite individual at 100 m,
without plume meander.

The plume meander CF has been applied to accident releases assumed to
occur for 1 hour or more.
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3.3 CONSEQUENCE ANALYSES

This section discusses potential radiological consequences, soil
contamination, and chemical contamination.

3.3.1 Radiological Consequences

The personnel onsite and offsite radiological dose consequences used
in determining system safety classifications were calculated based on the
airborne release volumes indicated in the appropriate accident scenarios in
Chapter 5.0. The environmental radiological consequences used in determining
system safety classifications were calculated based on the liquid release
volumes indicated in the appropriate accident scenarios in Chapter 5.0. A
summary of offsite and onsite EDE values for each credible accident scenario
analyzed in Chapter 5.0 is provided in Table 3-2.

3.3.2 Soil Contamination

Safety class 2 designation for the WRSS transfer system, along with a
seismic switch to shut down the transfer system, will significantly reduce the
impact to personnel safety and health as well as reducing soil contamination
from a postulated break of both supply and return transfer lines.

3.3.3 Chemical Contamination

Chemical inventory data for tanks 241-C-106, 241-AY-101, and 241-AY-102
are included in Appendix A, Tables A-3 and A~4. The inventories are based on
Toxic Chemical Considerations for Tank Farm Releases, WHC-SD-WM-SARR-011
(Van Keuren et al. 1995). Sample data can be misleading because
inhomogeneities in horizontal and vertical distributions of chemicals within
the tanks are often not characterized. Chemicals listed in the Tank Farm
Health and Safety Plan, WHC-SD-WM-HSP-002 (Mickle 1994}, also have been
considered.
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Tabte 3-2. Summary of Accident Consequences.

Description

EDE Offsite ] EDE Onsite

Number (mrem) (rem)

from PHA Accident scenario
table‘®

la and 1b [Waste transfer supply line 2.0 E400 1.6 E+00
and return Tine failure!® :

lc and 1d {Waste transfer supply line 8.4 E-02 1.6 E-01
and return line faiture‘®
2 Unfiltered release caused 4.4 E-01 4.2 E-01
by duct failure®®
3a Jumper/connector fai&ure, 6.2 E+03 5.8 E+03

with pit cover open

3b Jumper/connector failure, 3.2 E-04 3.0 £-04
with pit cover closed,
with all openings closed‘P

3¢ Jumper/connector failure, 1.3 E-01 1.3 E-01
with pit cover closed,
with 2-in. valve handle
open for portable imaging
system

Note: 1.0 rem = 1.0 x 107 $v.

“'The preliminary hazard analysis is found in Table 4-1 cf Comner, J. C., 1995,
Preliminary Safety Evaluation for the 241-C-106 Waste Retrieval Project,
WHC-S0-WM-PSE-010, Rev. 2, Westinghcuse Hanford Company, Richland, Washington.
®2-hour release time; CF = 0.64 for conversion to offsite dose with plume

and CF = 610 for conversion to onsite dose with plume meander.
t310-second release time with seismic switch shut off; CF = 1,900 for conversion
to onsite dose without plume meander,

“'1-hour release time; CF = 0.64 for conversion to offsite dose with plume
meander, and CF = 610 for conversion to onsite dose with plume meander.

higaged on tank 241-C-106 vapor space loading at 100 mg/m*, consisting of 10%
tank 241-C-106 solids and 90X tank 241-AY-102 supernatant by way of the HVAC
recirculation exhaust duct.

"8-hour release time; CF = 0.64 for conversion to offsite dose with plume
meander, and CF = 610 for comversion to onsite dose with plume meander.

meander

CF = conservative multiplication factor.
EDE = effective dose equivalent.
PHA = preliminary hazards analysis.
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4.0 JUSTIFICATIONS FOR SAFETY CLASSIFICATIONS

The criteria and process for the identification and safety classification
of systems, structures, and components are provided by WHC-CM-4-46,
Section 9.0, Table 1, which is in accordance with criteria established in
General Design Criteria, DOE Order 6430.1A. The consequences of failures of
systems, structures, and components have been determined by the accident
analysis {Chapter 5.0) and compared to the criteria in WHC-CM-4-46,
Section 9.0, Table 1. Depending on the criteria and the consequences
identified in the failure analysis, the systems, structures, and components of
the WRSS have been designated as safety class 1, 2, or 3.

Safety classifications for the equipment associated with WRSS systems are
presented in Appendix C. The following sections provide justifications for
the safety classifications of the sluicing waste transfer system, ventilation
system, support systems, and instrumentation and controels. A summary of the
safety classifications for the new systems associated with the WRSS is given
in Table 4-1. Systems 1ists and interim safety classifications for existing
AWF and SST systems required to support WRSS operation have been taken from
the AWF and SST SEls (Kidder 1993a and 1993b) and are shown in Tables 4-2
and 4-3.

The dose calculations in Appendix B are based on the radioactive
inventory data presented in WHC-SD-WM-SARR-016 (Savino 1995) and in Internal
Memorandum 8M110-JCC-95002 (Conner 1995). The radionuclide inventory data for
tanks 241-C-106 and 241-AY-102 are included in Appendix A, Tables A-1 and A-2.

According to WHC-SD-WM-ER-200 (Bander 1993a), WHC-SD-WM-ER-217
(Bander 1993b), and WHC-SD-WM-ER-427 (Bander 1995), the current estimated
radiogenic heat load of the waste in tank 241-C-106 is 32.2 KW
(110,000 Btu/h). Based on data from WHC-SD-WM-SARR-016 (Savino 1995), the
calculated heat load caused by radicactive elements in tank 241-C-106 is
dominated by decay of *Sr and *’Cs, with a negligible contribution from other
radionuclides, and is equivalent to 16.4 KW. This discrepancy between the
radiogenic heat load in WHC-SD-WM-ER-200 (Bander 1993a), WHC-SD-WM-ER-217
{Bander 1993b), and WHC-SD-WM-ER-427 (Bander 1995) and the estimated heat load
from the current radioactive inventory in tank 241-C-106 (Savino 1995)
introduces a scaling factor of 2.0. According to the guidelines in
WHC-CM-4-46, the EDE values for postulated accidents are to be used to
determine the safety classification of the WRSS and the radiological risk
acceptance, The risk is based on the frequency of occurrence of an accident
and on the consequences of the accident.
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Table 4-1. Tank 241-C-106 Waste Retrieval Sluicing Equipment List and
Safety Classification.

Justifications

New Systems cl::;e:?\‘:(:) Section of HHC{:;‘{:}“'
this document criterion™
Safety systems
Sluicing weste transfer system sc-1 1
. Seismic switch sc-1 141 2
. Primary transfer pipes to and from tanks sc-2 4.1.2 °
. Secondary transfer pipes to and from tanks sc-3 4.1.3 16
. Sturry distributor sc-3 4.1.4 16
. Syphon protection sc-3 4.1.5 %
. Pit cover blocks sc-3 4.1.6 1%
. Seal loop sc-1 4.1.7 2
. Waste trapsfer equipment_(e.g., puUmpPS , sc-3 4.1.8 1%
valves, pipes, flanges) in pits
. Raw water supply and transfer line flushing sc-3 4.1.9 16
system
. Compressed air system sC-3 4.1.10 16
Ventilation system 5C-3 4.2
. Process building skid -3 4.2.1 16
. Chitler skid SC-3 4.2.2 16
. Exhaust skid 5C-3 4.2.3 16
Ventilation exhaust radiation monitoring system sc-3 4.3 16
(continuous air monitors and record samplers)
In-tank imaging system $C-3 [ 16
AC power sC-3 4.5 16
Instrumentation Control System sC-3 4.6 16

“IgHC-CM-4-46, Safety Analysis Manual, Section 9.0, Table 1.

AC
sC

alternating current.
safety class.
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Table 4-2. Existing Systems List and Interim Safety
Classifications for Tank 241-C-106 {2 sheets)
Justifications
f e fes Safety
Existing system descriptions class (SC) Section of SST WHC-CM-1-3,
1seL'™ Table 1"
Safety systems
Primary dome and tank sc-1 4.1.1, 4.2.1 ] 1,2
Active ventilation systein 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
. S$team or electric preheater sC-3 4.1.2 3
. Process condensate drain with seal sCc-3 4.1.2 3
pot
. Air inlet filters SC-3 4.1.2 3
Active ventilation exhaust radiation monitoring SC-2 4.3.4, 4.7 19
system
. 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 .-
. Thermocouples [IGSR)* 4.3.1 --
Tank liquid-level instrumentation [10SR1™ 4.3.3 -
. ENRAF ' {10SR]1* -- --
. Manual tapes sc-3 4.3.3 3
Tank leak detection instrumentation sc-3 4.3.2 3
. bry wells sc-3 4.3.2 3
Support systems
AL power™ [I1OSR]* 4.4.3 : -
. Active ventilation system 5C-3 4.4.3 3
. Temperature monitoring [105R1™ 4.4.3 --
instrumentation
. Liquid level monitoring [IOSRI¥ 4.4.3 --
instrumentation
. Leak detection monitoring sc-3 4.4.3 3
instrumentation
Compressed air sc-3 bd.b.4 3
. Instrument air supply to monitoring 5c-3 4.4.4 3
instrumentation
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Table 4-2. Existing Systems List and Interim Safety
Classifications for Tank 241-C-106 (2 sheets)

Justifications
Existing system descriptions ct§§§°§§c> Section of SST WHC-CH-1-3,
ISEL Table 1%
Raw water supply 5C-3 4.4.5 3
Fire protection system sC-3 4.5 . 22

“IKidder, R. J., 1993, Single-Shell Waste Tenks Interim Safety Eguipment List, WHC-SD-WM-SEL-027,

Rev. 1, Westinghouse Kanford Company, Richland, Washington.

“'WHC-CM-1-3, 1991, Management Requirements and Procedures, MRP 5.46, “Safety Classification of
t Components, and Structures.V

“ENRAF is & trademark of the ENRAF Corporation.

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

Systems

AC = alternating current.

HEPA = high-efficiency particulate air.

IOSR = interim operational safety requirement.
SC = safety class.

[I0SR]'The notation [I0SR1™ 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 requirement (OSR)
related. The additional OSR designation will ensure the priority and funding for
continued operation and maintenance of these items comsistent with OSR requirements (]OSR
where applicable).

The [10SRI™ safety classification will be replaced to be consistent with the requirements
of WHC-LM-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 amd Quality Assurance, as a minimum,
and Environmental Assurance where deemed appropriate.
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Table 4-3. Existing Systems List and Interim Safety
Classifications for Tank 241-AY-102. (2 sheets)
Justifications

Existing system descriptions

Safety class

(sC) Section of AWF WHC-CM-1-3,
1seL™ Table 1™
Tenk sc-1 - 10
. Primary tank sC-1 4.2.1 R 10
. Secondary tank, refractory support pad, $C-1 4.,2.2 23
concrete structure
. Secondary tank leak detection system sc-3 4.3.6 --
Waste transfer system $C-1 4.2.3 --
. Primary tank and secondary intertank sc-1 4.2.3.2 10
transfer pipes
. Waste transfer system pits/boxes 5C-1 4.2.3.3 t, 12
. Waste transfer system pits/boxes $C-3 4.2.3.3 3
equipment (e.g., pumps, valves, pipes,
flanges, leak detectors)
Primary tank ventilation system (A-702 Building)™’ $c-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 ventitation system (A-702 Building)'® sc-2 4.1.4 2
. Exhauster, 112-m’/s (4,000 ft/min) sc-2 4.1.4 2
. Ventilation duct work sc-2 4.1.4 2
Annulus ventilation system sc-2 4.1.5, 4.8 24
Instrumentation (for various systems)
. Primary tank instrumentation system
- Temperature measurement system [IOSR]* 4.3.2 --
- Liquid-tevel measuring system [TOSR]* 4.3.7 -~
- Pressure/vacuum measuring system [IO0SR)™ 4.3.1 .
. Primary tank leak detection systems
- Liquid-level detector element sc-2 6.3.5, 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
. Secondary tank instrumentation )
- Tank concrete structure sc-3 4.3.3 3
thermocouples
- Pressure/vacuum measuring system sC-2 6.3.4, 4.8 24
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Table 4-3. Existing Systems List and Interim Safety
Classifications for Tank 241-AY-102. (2 sheets)

} Justifications
Existing system descriptions Safeigéiass Section of AWF WHC-CH-1-3,
1SEL™ Table 1™
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 $c-2 4.4.7, 4.8 ° 26
. Balance of plant 5c-3 4.6.7, 4.8 --
AC power system (AWF boundaries} {IOSR}™ - --
. @ormal AL power for primary tank {I0SRI™ 4.4.3 --
instrumentation
. Caterpillar'™ diesel generater {IOSR]* 6.4.3.1 --
. Normal AC power for ventilation sc-2 4.4.5, 4.4.6 24
. Detroit™ diesel generator sC-2 4.4.5.1 24
Raw water system (AWF boundaries) SC-2 4.4.9, 4.8 24
Raw water system (service pits and boxes) 5C-3 [ 3
Emergency cocling water system™ §C-2 4.4.10, 4.8 24
steam supply system (AWF boundaries)' sC-2 4.4.2, 4.8 24
Steam supply system (balance of plant) 5C-3 -- 3
Fire protection system sC-3 4.5 22
Air-lift circulators [IOSRI™ 4,41 --
. Compressed air system — process afr 4.4.1 .-
. RaW water system 4.4.1 --

“idder, R. J., 1993, Aging Waste Facility Interim Safety Equipment [ist, WHC-SD-WM-SEL-020,
Rev. 2, Westinghouse Hanford Company, Richland, Washington.
BHC-CM-1-3, 1991, Management Requirements and Procedures, MRP 5.46, “Safety Classification of
( Components, and Structures."
“‘May be replaced by Project W-030 ventilation system.
“raterpillar is a trademark of the Caterpillar Corporation.
"petroit is a trademark of the Detrecit Corporation.

Systems

AC = alternating current.

AWF = Aging Waste Facility.
108R = interim operational safety requirement,
1SEL = interim safety equipment list.

$C = safety class.

{10SR1*: The notation [I0SR]™ 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 requirement (OSR)
related, The additicnal 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 apprepriate.
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4.1 SLUICING WASTE TRANSFER
SYSTEM — SAFETY CLASS 1

The sluicing waste transfer system consists of redundant seismic
switches; primary and secondary transfer pipes between tanks 241-C-106 and
241-AY-102; a slurry distributor; syphon protection; pit cover blocks; seal
loops; waste transfer equipment in pits, including a combination of a
submersible slurry pump and a slurry booster pump, a combination of a
submersible sluice pump and a sluice booster pump, combination of a
submersible heel pump and an eductor, sluicers, and valves; 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 tank 241-C-106 will be transferred to
tank 241-AY-102 using an updated form of past-practice sluicing. The sluicing
will be a continuous process with the supernatant in tank 241-AY-102 serving
as the sluicing fluid. Sluicer action will mix this sluicing fluid with the
solids in tank 241-C-106 to produce a slurry. The slurry will be transferred
to tank 241-AY-102 by way of a submersible slurry pump, in series with a
variable-speed slurry booster pump, through an encased slurry transfer pipe
and a distributor Tocated in tank 241-AY-102. The slurry pumps have a maximum
capacity of 1,300 L/min (350 gal/min). The variable-speed slurry booster pump
is installed in pump pit 241-C-06A.

The submersible stuice pump in series with the variable-speed sluice
booster pump in tank 241-AY-102 will transfer the supernatant (or inhibited
water) by way of two sluicers with nozzles located in tank 241-C-106. The
sluice pumps 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 variable-~speed
sluice booster 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 sluicer will be
installed in the future, if required, in pit 241-C-06C. The slurry
distributor is located in pit 241-AY-02A. The distributor will distribute the
solids in tank 241-AY-102 as evenly as possible. A majority of the solids
will settle in tank 241-AY-102; unsettled solids will be recirculated along
with the supernatant (or inhibited water) to tank 241-C-106. Thus, a
continuous process of sluicing will be maintained until at least 75% of the
high-heat solids are transferred into tank 241-AY-102. The routing of the
transfer pipes is shown on drawings H-2-818520 and H-2-818540.

4.1.1 Seismic Switch — Safety Class 1

Based on evaluation of the WRSS design and the EDE dose consequences of
a postulated break of both the supply and return transfer lines during
a seismic event, redundant seismic switches will be installed to shut down
the WRSS sluicing transfer system at the onset of such an event (see
drawings H-2-818559 and H-2-818560). This will significantly reduce the
impact to personnel safety and health caused by the dose consequences and
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reduce the impact to the environment caused by the soil contamination. (See
Section 4.1.2 for the accident analysis.) The standalone seismic switch
enclosures will be located outside the 241-C-106 and 241-AY-102 facilities in
two independent compartments, one for each of the redundant switches. The two
compartments have been designed for missile protection in accordance with the
safety class 1 requirements of Standard Architectural Civil Design Criteria:
Design Loads for Facilities, HPS-SDC-4.1 (DOE-RL 1989). Based on the safety
function of the seismic switches and on WHC-CM-4-46, Section 9.0, Table 1,
criterion 2, the seismic switches have been classified as safety class 1.

4.1.2 Primary Transfer Pipes — Safety Class 2

The two primary transfer lines are of an all welded construction with the
4-in. schedule 40 stainless steel primary pipe within a 6-in. schedule 40
carbon steel encasement pipe (see drawings H-2-818520, H-2-818540, H-2-818559,
and H-2-818560).

The safety function of the tank 241-C-106 sluicing transfer system's
primary (inner) piping is to provide confinement of hazardous liquid wastes.
Failure and leaking of the primary piping could result in an unmitigated leak
of hazardous liquids to the soil column and/or release of aerosols to the
environment. A radiocactive aerosol release will cause potential onsite and
offsite personnel exposures.

Supply line and return line failures will be detected by a material
balance discrepancy. The maximum postulated Teak is calculated to be
328,000 L (86,600 gal) for both supply line and return line breaks
{Chapter 5.0, scenarios la and 1b). _The offsite and onsite EDE values are
2.0 x 10 mSv (2 mrem) and 1.6 x 1072 Sv (1.6 rem).

As noted in Section 4.1.1, redundant seismic switches will be installed
to shut down the WRSS transfer system at the onset of a seismic event. This
will significantly reduce the dose consequences to offsite and onsite
individuals as well as reduce the impact to the environment from soil
contamination. With the seismic switches operating and a postulated release
of waste of approximately 10 seconds (Chapter 5.0, scenarios lc and 1d), the
calculated offsite and onsite EDE values are reduced to 8.4 x 107 mSv
(8.4 x 10% mrem) and 1.6 x 107 Sv (1.6 x 10°" rem).

Based on the safety function of the siuicing transfer system's primary
piping, which is to provide confinement of hazardous Tiquid wastes, and on
WHC-CM-4-46, Section 9.0, Table 1, criterion 9, the primary transfer lines
(inner pipes) are classified as safety class 2.

4.1.3 Secondary Transfer Pipes — Safety Class 3
The 6-in. secondary transfer (encasement or outer) pipes-are provided
for leak detection and secondary confinement, draining 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.)
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The safety function of the sluicer pumping system's secondary piping is
to ensure the transfer of liquid waste from tank 241-C-106 to tank 241-AY-102
without leaking. The primary pipe (inner 4-in. pipe) is designed for safety
class 2 requirements with all welded construction. The secondary transfer
pipe includes leak detection capability. Any leaks confined within the
encasement pipe will drain to the appropriate tank, and once this leak is
detected, an immediate action will be taken, such as stopping the transfer
operation. Extra radiation protection would be required to repair a leak
caused by a primary pipe failure, which would adversely impact as Tow as
reasonably achievable (ALARA) principles. Based on WHC-CM-4-46, Section 9.0,
Table 1, criterion 16, the secondary transfer piping system is classified as
safety class 3.

4.1.4 Slurry Distributor — Safety Class 3

The slurry distributor (see drawing H-2-818560) is designed to maximize
solids settling and to provide distribution of solids as evenly as possible
within tank 241-AY-102. According to the FDC (Bailey 1995), the design intent
is to transfer slurry containing 30% solids from tank 241-C-106 to tank
241-AY-102. Failure to distribute solids as evenly as possible may result in
extended operation of the WRSS because more unsettled solids will have to be
transferred back and forth by the waste retrieval system. According to the
FDC (Bailey 1995), it is estimated that about 10% unsettled solids will be
returned to tank 241-C-106 by way of the supernatant Tine. According to
CSER 94-001: Criticality Safety of Single-Shell Waste Storage Tanks,
WHC-SD-SQA-CSA-20363 (Rogers 1994), no mechanism has been found that is
capable of causing a criticality concern during the transfer and distribution
of solids in tank 241-AY-102. Based on WHC-CM-4-46, Section 9.0, Table 1,
criterion 16, the slurry distributor is classified as safety class 3.

4.1.5 Syphon Protection — Safety Class 3

The design of the supernatant line incorporates antisyphon holes on the
submersible sluice pump's discharge line located inside tank 241-AY-102 in
order to prevent syphoning of tank 241-AY-102 through the supernatant line.
Similarly, antisyphon holes also are provided on the slurry distributor line
located inside tank 241-AY-102 to prevent syphoning of tank 241-AY-102 through
the slurry line. The piping hydraulic diagram (drawing H-2-818536) shows
elevations for the two tanks, pump pits, and piping (the elevations or ligquid
}eve]s noted in this section are the elevations or levels above mean sea

evel).

If a Tine breaks or the system is shut down or stopped, the antisyphon
holes will prevent the draining of tank 241-AY-102 to tank 241-C-106 and a
consequent overflow of tank 241-C-106. Failure of these antisyphon holes to
function as a syphon breaker would allow a syphon to be established upon
shutdown of the pumps or a line break. The flow rate of the syphon may be
conservatively calculated by using the following equation from Flow of Fluids
through Values, Fittings, and Pipes, Technical Paper 410 (Crane 1982).
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h
=19.65d2 | L
Q J- <

where

flow rate in gallons per minute
internal pipe diameter in inches
head lToss in feet

resistance coefficient f(L/D)

—

AT OO

where

.F
L
D

friction factor
pipe length in feet
pipe diameter in feet.

nwnu

The primary transfer piping is 4-in., schedule 40 stainless steel with
an internal diameter (d) of 8.283 cm (3.458 in.). The head loss (h ) is
the difference in height between the maximum liquid level in tank Zhl—AY—IOZ
(elevation 199.14 m [653.36 ft]) and the initial height of the liquid
in tank 241-C-106 (elevation 187.63 m [615.58 ft]), shown on drawing
. H-2-818536 as equal to 11.51 m (37.78 ft). The friction factor (f), taken
from Crane Technical Paper 410 {Crane 1982}, is 0.017 for clean commercial
steel pipe, and the pipe length (L) is assumed to be 610 m (2,000 ft), which
yields a resistance coefficient (K) of 118. Therefore, substituting these
data into the above equation, the flow rate (Q) of the syphon would be

503 L/min (133 gal/min}.
The following also were assumed in determining a conservative flow rate.

+ Additional friction losses caused by valves and fittings, such as
elbows and reducers, are not to be considered.

« Head is constant (however, actual head will approach zero as the
liquid levels in tanks 241-AY-102 and 241-C-106 equalize).

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

¢« The cascade line between tanks 241-C-105 and 241-C-106 is not
available.

Based on these assumptions, a conservative flow rate of 378 L/min
(100 gal/min) has been used to determine the time needed to fill
tank 241-C-106.
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The total volume of tiquid estimated to be available for transfer from
tank 241-AY-102 to tank 241-C-106 is about 2,233,000 L {590,000 gal). The
time needed to transfer this volume at 100 gal/min is about 98 hours. This
is based on the volume of liquid between the maximum liquid height in
tank 241-AY-102 at 199.14 m (653.36 ft)}, and the height of the distributor
nozzles (or the suction of the submersible sluice pump) at 193.7 m (635.5 ft),
and on an estimated volume of 4,100 L/ecm (2,750 gal/in.) in a 22.9-m- (75-ft-)
diameter tank.

The volume necessary to fill tank 241-C-106 is about 1,135,000 L
(300,000 gal) based on the maximum allowable level of 189.7 m (622.4 ft),
which is 470 cm (185 in.) above the inside bottom elevation of tank 241-C-106,
at 185 m (607 ft) according to Operating Specifications for Single-Shell Waste
Storage Tanks, OSD-T-151-00013 (Boyles 1993), and an initial starting tank
volume of 746,000 L (197,000 gal). The time needed to transfer 1,135,000 L
(300,000 gal) would be about 50 hours at a flow rate of 378 L/min
(100 gal/min).

A number of instruments are available to alert the operator to a
syphoning situation, including tank level monitoring, which is automatically
recorded daily according to WHC-SD-WM-1SB-001, Table 1-25 (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, there are a sufficient number of redundant holes
available for a syphon break, so it is inconceivable to assume that all the
holes will be plugged at the same time. Based on WHC-CM-4-46, Section 9.0,
Table 1, criterion 3, the syphon protection will provide a safety class 3
function.

4.1.6 Pit Cover Blocks — Safety Class 3

The waste transfer pits for tank 241-AY-102 have been classified as
safety class 1 and perform a safety class 1 function according to
WHC-SD-WM-SEL-020, Section 4.2.3.3 (Kidder 1993a). ODuring waste transfer or
recirculation of liquid waste within the 241-C-106 pits, a spray leak scenario
could be postulated that would lead to safety class 1 consequences. Such an
accident scenario could consist of the following events:

1. An initiating event in which a spray leak occurs in a pit because
Jjumpers, connections, or flanges fail

2. A single failure in which a pit cover block is left off

3. The spray oriented in such away that it sprays out of the pit
opening

4. Failure of the leak detectors to activaie‘because 6f most of the

spray is directed out of the pit and because too Tittle liquid is
lTost to be detected by material balance discrepancy analysis.
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Calculations performed for the above scenario resulted in an offsite EDE
value for a jumper or connector failure with the pit cover blocks off that
exceeded the risk acceptance guideline.

Based on evaluation of the WRSS design and the dose consequences of a
postulated break of both supply and return transfer lines during a seismic
event, redundant seismic switches will be installed to shut down the sluicing
transfer system at the onset of such an event. With the seismic switches
operating and a postulated waste release of approximately 10 seconds (the
seismic switches will terminate operation of the pumps, and allowing for pump
coast down, the liquid release to the environment will stop within
10 seconds), the calculated offsite and onsite EDE values are 1.0 X 1073 msv
(1.0 x 107" mrem) and 1.0 x 10 Sv (1.0 x 10" rem), respectively. For a
connector break inside the pit with the cover block on, with all openings
closed, and a release time of 8 hours, the offsite EDE value of 3.8 x 10 mSv
(3.8 x 10" mrem) is well within the allowable Timit of 5 mSv (500 mrem), and
the onsite dose value of 3.6 x 107® Sv (3.6 x 107 rem) is well within the
allowable Timit of 50 Sv (5.0 x 10® rem) based on WHC-CM-4-46, Section 9.0.
Therefore, if the pit covers are installed before any transfer operation using
the jumpers or connectors within the pit, there will be no impact to the
health and safety of personnel or to the environment. The pit covers are
required to be instalied and to remain in place while performing the transfer
according to Single-Shell Rank Interim Operational Safety Requirements,
WHC-SD-WM-0SR-005, Section 3.6.1 {Dougherty 1993).

The seismic switches have been classified as safety class 1
(Section 4.1.1).

The safety function of the cover blocks to be provided by Project W-320
is to confine any spill and resulting aerosols. If the cover blocks are
properly installed and the seismic switches, which have been classified as
safety class 1, perform their safety function, only safety class 3
consequences could occur. Therefore, the cover blocks to be provided by
Project W-320 are classified as a safety class 3.

4.1.7 Seal Loop — Safety Class 1

A seal loop is provided to mitigate tank under- or overpressurization,
and is designed to limit differential pressure between the tank 241-C-106
vapor space and the external atmosphere. Redundant seal loops are provided to
maintain the structural integrity of tank 241-C-106 by relieving the
differential pressure if it exceeds 14.7 cm (5.8 in.) w.g.

‘The seal loop is a passive design consisting of a pipe formed into a Toop
and filled with a nonfreezing fluid (see drawing H-2-818561 for details of the
seal loop system.) Based on the safety function this system performs and on
WHC-CM-4-46, Section 9.0, Table 1, criterion 2, the seal loop system is
classified as safety class 1. :



WHC-SD-WM-SEL-033 REV 2

4.1.8 Waste Transfer Equipment in Pits — Safety Class 3

Tank 241-C-106 WRSS provides new and modified waste transfer piping,
pumps, valves, flanges, and jumpers located in pits (drawings H-2-818559
and H-2-818560)}. With properly installed pit cover blocks, the pumps, pipe,
gaskets, flanges, jumpers, or valves could leak, spray, or burst with little
consequence to the environment (Section 4.1.6).

The WRSS transfer or recirculation of liquid waste will occur by way the
of the 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 accept flow from both transfer lines and
to drain the Yiquid to tank 241-C-106 should there be a guillotine-type pipe
failure.

A primary piping leak, caused by a jumper or connector failure within the
pit, can result in an unmitigated release of hazardous liquid aerosols to the
environment leading to potential onsite and offsite personnel exposures. With
the pit cover performing a safety class 1 confinement function, as evaluated
and confirmed in Section 4.1.6, the equipment within the pit (e.g., pumps,
jumpers, valves) can be considered safety class 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
safety class 3 ALARA consequences. Therefore, equipment, including jumpers,
within the pits can be considered as safety class 3 based on WHC-CM-4-46,
Section 9.0, Table 1, criterion 16.

4,1.2 Raw Water Supply and Transfer Line
Flushing System — Safety Class 3

The WRSS systems will be designed to flush all components with raw water
(drawings H-2-818559, H-2-818560, H-2-818561, and H-2-818562). Treated water
is presently required for cooling tank 241-C-106 (intermittent addition of
cooling water, provided by tanker truck, is required at a predetermined level
in tank 241-C-106). Treated water used for flushing the transfer lines will
be supplied by the 200 Area Power Plants and transported by tanker truck.
Based on WHC-CM-4-46, Section 9.0, Table 1, criterion 16, this system is
classified as safety class 3.

4,1.10 Compressed Air System - Safety Class 3

The compressed air system (drawing H-2-818562) will provide a source of
instrument air to various components of the WRSS, such as pneumatically
operated valves, and the purge air supply to the high-efficiency metal filter
(HEMF) and other components (drawings H-2-818559, H-2-818560, H-2-818561,
and H-2-818562). Based on the safety function this system performs and on
WHC-CM-4-46, Section 9.0, Table 1, criterion 16, the compressed aijr system is
classified as safety class 3.
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4.2 VENTILATION SYSTEM — SAFETY CLASS 3

The WRSS ventilation system will control temperature and humidity and
confine hazardous aerosols and vapors within the tank 241-C-106 tank vapor
space using recirculation and an exhauster system (drawings H-2-818470 and
H-2-818561). During maintenance of the WRSS ventilation system (or when the
system is inoperative), the existing air inlet with a prefilter,
high-efficiency particulate air (HEPA) filter, and a new cooling coil
(drawing H-2-818561) will be used to cool the tank 241-C-106 waste and
headspace. The ventilation system for tank 241-C-106 includes gas bleeding
from tank 241-C-105 by way of 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 1ine in place avoids the personnel
exposure associated with isolating or removing this Tine.

The ventilation system consists of a process building skid, 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 ventilation system performs, as described in Sections 4.2.1,
4.2.2, and 4.2.3, and on WHC-CM-4-46, Section 9.0, Table 1, criterion 16, the
ventilation system is classified as safety class 3.

4.2.1 Process Building Skid — Safety Class 3

The components of the process building skid are located within Process
Building 241-C-91. A seal pot is Tocated in the building to collect condenser
and other equipment drains from the ventilation system. The overflow from the
seal pot and the water used for flushing the high-efficiency moisture
eliminator (HEME) and the HEMF are drained to tank 241-C-106 through riser R4.
The HEME and HEMF are flushed, as required, at a predetermined contact dose
reading of these components.

Failure of the ventilation duct in the recircutation 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 ana1yzed in Chapter 5.0,
scenario 2, the offsite EDE value is 5.3 x 107 mSv (5.3 x 107" mrem) from an
unfiltered release caused by a failure of the recirculation line duct. This
radiological consequence is within the 5.0 mSv (500 mrem) requirement of
WHC-CM-4- 46 Section 9. 0 Table 1, criterion 2. The onsite EDE value is
5.0 x 107 Sv (5.0 x 107" rem), which is within the 5.0 x 107 Sv (5 rem)
requirement of WHC-CM-4-46, Section 9.0, Table 1, criterion 9. The time
needed to reach safety c]ass 2 criterion 9 of Tab]e 1 is 10 hours. Based on
the function this system performs and on WHC-CM-4-46, Section 9.0, Table 1,
criterion 16, the process building skid is classified as safety class 3.

- 4.2.2 Chiller Skid — Safety Class 3
The chiller skid consists of an air-cooled chiller and a glycol cooling
system, which consists of a make-up storage tank, air separator, expansion

tank, and circulating pumps. The propylene glycol solution is cooled by the
air-cooled chiller and then used to cool the ventilation recircuylation and
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exhaust gases in the condenser (Section 4.2.3). Based on the function this
skid performs and on WHC-CM-4-46, Section 9.0, Table 1, criterion 16, the
chiller system is classified as safety class 3.

4.2.3 Exhaust Skid — Safety Class 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 that includes a VERMS (described in Section 4.3}.
Failure of the exhaust skid may allow a release of radioactivity to go without
detection. However, the onsite EDE consequence for an unfiltered release from
the exhaust skid (assum1ng malfunction of the HEPA filters) will be equivalent
to 2.0 x 107> Sv (2.0 Xy 10" rem, derived from Section 4. 232 as follows:

5.0 x 10" rem x 360 ft*/min [flow in exhaust duct]/860 ft’/min [flow in
recirculation duct]). The time needed to reach the safety class 2 criterion
of WHC-CM-4-46, Section 9.0, Table 1, is 24.6 hours. The HEPA filter is
changed when there is a hxgh d1fferent1a1 across the f11ter or when the
radiation measurement on the housing is about 5.0 x 107" mSv/h (50 mrem/h).

1f the HEPA filter is assumed to function as designed, then the consequence of
the release through the stack will be minimal. Based on the function of the
skid and on WHC-CM-4-46, Section 9.0, Table 1, criterion 16, the exhaust skid
is classified as safety class 3.

4.3 VENTILATION EXHAUST RADIATION MONITORING SYSTEM — SAFETY CLASS 3

The VERMS consists of a flow sensor along with a temperature sensor,
particulate and iodine filters, and a CAM and record samplers. The safety
function of the VERMS is to monitor and record the airborne radionuclide
discharge from the tank 241-C-106 ventilation system and alarm when limits are
exceeded (drawing H-2-818561). 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 provide an alarm upon its failure to function or upon
failure of normal AC power to the CAM. The HVAC is shut down if the CAM
detects high radiation, which potentially could occur during failure of HEPA
filters. In addition, the HVAC is shut down automatically by the seismic
switches at the 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 EDL consequence for an unfiltered
release from the exhaust Skld (assuming malfunction of the HEPA filters) will
be 2.0 x 10 Sv (2.0 X, 10"" rem, derived from Section 4.2, 2 as follows:

5.0 x 107" rem x 360 ft*/min [flow in exhaust duct]/860 ft/min [flow in
recirculation duct]). The time needed to reach the safety class 2 criterion
in WHC-CM-4-46, Section 9.0, Table 1, is 24.6 hours. If the HEPA filter is
assumed to function as designed, then the consequence of the release through
the stack will be minimal. The operator will take necessary action based upon
the CAM failure alarm, either to shut down the HVAC system or to repair the
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CAM. Based on the safety function that this system performs and on
WHC-CM-4-46, Section 9.0, Table 1, criterion 16, the VERMS is classified as
safety class 3.

4.4 IN-TANK IMAGING SYSTEM — SAFETY CLASS 3

An in-tank imaging system will be used in tank 241-C-106 to Tocate tank
sludge accumulations during the sludge removal process (Drawing.H-2-818559).
The imaging system also will facilitate maintaining the minimum possible
liquid level by enabling operators to aim the sluicer at the remaining waste
while controlling the liquid level. The imaging system will provide
operations personnel in the control room with near-real-time (within 5 minutes
of real time) views inside the tank. This imaging system will be capable of
providing images (through the fog caused by sluicing) with a resolution of
5.1 cm (2 in.) at the maximum in-tank range of 21.3 m (70 ft).

An in-pit closed circuit television imaging system will periodically
monitor the integrity of the interior of process pits through the valve handle
holes in the cover blocks. The system will be used to determine pit
conditions before opening for maintenance, for leak verifications, or for
inspecting equipment conditions.

Failure of the imaging system would impact ALARA principles; therefore,
based on WHC-CM-4-46, Section 9.0, Table 1, criterion 16, this system is
classified as safety class 3.

4.5 AC POWER SYSTEMS — SAFETY CLASS 3

Electrical systems providing AC power for tanks 241-C-106 and 241-AY-10?
are described in the following sections.

4.5.1 AC Power for Tank 241-C-106 — Safety Class 3

The Hanford Site Power Grid will provide 480 V AC power through a
portable substation skid-mounted on a concrete slab outside the fence near the
C Tank Farm (drawings H-2-818680 and H-2-818681). The existing 13.8 kV pole
tine C8-1L6 will be extended from the pole line north of the C 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 of the
tank 241-C-106 systems, instrumentation, and controis. Failure of normal
power will secure the slurry pumps, heel pump, and HVAC, including
instrumentation and controls, and will place these components in a safe
shutdown condition. The AC power system for tank 241-C-106 is classified as
safety class 3 based on the safety function this system performs and on of
WHC-CM-4-46, Section 9.0, Table 1, criterion 16.
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4.5.2 AC Power for Tank 241-AY-102 — Safety Class 3

Normal 480 V AC power will be provided by using the existing 13.8 kV pole
line C8~L6. This line 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 pumps
Tocated in tank 241-AY-102. The power panel will be located in a new
skid-mounted enclosure located outside the fenced area of the AY Tank Farm and
tank 241-AY-102 (Drawings H-2-818693 and H-2-818694).

The AC power system provides electrical power to components of the
tank 241-AY-102 systems, instrumentation, and controls. Failure of normal
power will secure the sluice pumps, including instrumentation and controls,
and will place these components in a safe shutdown condition. The AC power
system for tank 241-AY-102 is classified as safety class 3 based on the safety
function that this system performs and on of WHC-CM-4-46, Section 9.0, Table
1, criterion 16.

4.5.3 AC Power for the Control Station — Safety Class 3

Power for the control station is supplied from an existing motor control
center, MCC 241-AN-271, through an underground 480 V, l-phase, 60 Hz feeder
and a 75 KVA 480-240/120 V transformer. The AC power system for the control
station is classified as safety class 3 based on the safety function that this
system performs and on of WHC-CM-4-46, Section 9.0, Table 1, criterion 16.

4.6 INSTRUMENTATION CONTROL SYSTEMS — SAFETY CLASS 3

This section discusses existing and new instrumentation systems required
for monitoring and control of the WRSS (drawings H-2-818559, H-2-818560,
H-2-818561, and H-2-818562). Existing instrumentation for tank liquid-level
(ENRAF and manual tapes), temperature, pressure and/or vacuum, and leak
detection {such as dry wells) will be used as required to monitor operating
conditions in tanks 241-C-106 and 241-AY-102 during the WRSS operation. The
existing tank monitoring systems will be extended to the WRSS control station
for operator convenience. Safety classifications for these existing systems
are based on the AWF and SST SELs (Kidder 1993a and 1993b) and are summarized
in Tables 4-2 and 4-3.

Instrumentation will monitor and control facility retrieval and transfer
operations, HVAC, and the support systems necessary to perform all functions
required to mobilize, retrieve, and transport tank 241-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 the sluicing waste transfer system,
ventilation system, and VERMS described in Sections 4.1, 4.2, and 4.4.
Instrumentation and control descriptions for the transfer system interlocks,
leak detection system, and sluicing control station also are provided in the
following sections. Justification for safety classification of
instrumentation and control is provided in Section 4.6.8, "Instrumentation
Failure Modes and Effects.”
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4.6.1 Raw Water System — Safety Class 3

Treated water to flush the transfer piping system will be provided by
truck and supplied through hose connections. 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
controlled by the operator through the use of jumper changes in the AY Tank
Farm.

4.6.2 Compressed Air System — Safety Class 3

The compressed air system (drawing H-2-818562) will provide a source of
instrument air to various components of the WRSS, such as pneumatically
operated valves, and the purge air supply to the HEMF and other components
(drawings H-2-818559, H-2-818560, H-2-818561, and H-2-818562). Controls and
indication for the compressed air system are Jocated in the WRSS Air and Water
Services Building. The air compressor is a vendor-supplied package.

4.6.3 Waste Retrieval Sluicing System Leak
Detection System — Safety Class 3

New Teak detection sensors (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-0Z2E. These sensors will annunciate in the control station
so the operator can shut down the WRSS pumps upon detection of leaks in the
pits.

The transfer encasement piping is provided with a leak detection system
that will annunciate in the control station and the operator will shut down
the WRSS pumps upon detection of leakage collected in the encasement piping
after a primary piping failure. The leakage that is collected in the
encasement piping will drain by gravity to the pit connected to that piping
and be returned to tank 241-C-106. A valve will be located in the encasement
drain line for each pit to permit the operator to isolate the encasement line
from the pit for leak containment or pressure testing.

4.6.4 Transfer System Interlocks — Safety Class 3

The interlocks are shown on drawing H-2-818558. Seismic detectors in the
C and AY Tank Farms will shut down the WRSS at the onset of seismic activity.

4,6.5 Heating, Ventilating, and Air Conditioning
System — Safety Class 3
The HVAC system will consist of a process bu%]ding skid, a chiller
skid, an exhauster skid, and system controller and interlocks
(drawings H-2-818470 and H-2-818561).
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4.6.5.1 Process Building Skid. The process building skid is described in
Section 4.2.1. Instrumentation will monitor the condenser differential
pressure, condenser inlet temperature, condenser outlet temperature, heater
outlet temperature, fan differential pressure, and fan motor current.
Instruments also will monitor HEME differential pressure, HEME outlet
temperature, and HEMF differential pressure.

Heater controls will regulate air flow to maintain the entering airstream
temperature between 6 °C and 33 °C (43 °F and 92 °F). The heater will be
equipped with an internal high-high temperature cutout switch and a manual
cutout switch. 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.

4.6.5.2 Chiller Skid. The chiller skid is described in Section 4.2.2.
Instrumentation will monitor and control the air~cooled chiller, chilled water
circulation pumps, flow, pump suction and discharge pressures, supply and
return header temperatures. The supply header flow sensor provides a signal
to shut down the air-cooled chiller upon sensing a low flow condition.

4.6.5.3 Exhaust System. The exhaust skid is described in Section 4.2.3.

The exhaust skid consists of an electric heater, two HEPA filters with a test
section for each filter, a variable speed exhaust fan, and an exhaust stack
(drawing H-2-818561). The VERMS 1is part of the stack and is discussed in
Section 4.6.6.

The instruments provided with this system will monitor heater inlet and
outlet temperature, HEPA filter differential pressure, fan inlet temperature,
and fan inlet damper position. The heater controls will increase the 4.5 °C
(40 °F) air stream temperature to 21.1 °C (70 °F) and reduce the relative
humidity to 34%. An internal high-high temperature switch and a manual cutout
switch also will be furnished. Variable speed fan controls will be used to
control tank pressure to about -3.8 cm (-1.5 in.) w.g.

4.6.5.4 Heating, Ventilating, and Air Conditioning 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 capable of throttling adjustments

o Isokinetic radiation monitoring at HVAC exhaust stack

» Emissions monitoring at HVAC exhaust stack to meet 40 CFR 61
"National Emission Standards for Emissions of Radionuclides Other
than Radon from Department of Energy Fagilities," Subpart H, and
referenced requirements.

An interlock will be providéd to cause shutdown of the exhaust fan when a
high radiation condition is detected by the VERMS.
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4.6.6 Ventilation Exhaust Radiation
Monitoring System — Safety Class 3

Instrumentation and controls for the VERMS are shown on drawing
H-2-818561. The exhaust flow, temperature, and radiation monitoring
instrumentation are provided as part of the VERMS. The interlock that shuts
down the exhaust fan upon detection of high radiation is shown on
drawings H-2-818558 and H-2-818561.

4,6.7 Sluicing Control Station — Safety Class 3

The WRSS control station contains control panels for the monitoring and
control instrumentation associated with the WRSS, a sluicing panel with
sluicer controls and display, and an in-tank imaging panel with the in-tank
remote imaging system monitor and controls. Panel-mounted annunciators
provide the operator with visual and audible indications of abnormal
occurrences.

Selected alarms and indications are provided for leak detection in the
transfer lines and pits, anomalous pressure conditions in the tank and HVAC
filtration system, anomalous radiation levels, and HVAC ventilation system
shutdown. These will alarm in the WRSS control station through panel-mounted
annunciators and also through the Tank Monitor and Control System (TMACS)
located in the 2750-E Building.

Indications and alarms from instrumentation on existing systems required
for WRSS operation, such as tank 241-AY-102 pressure, temperature, weight
factor, levels, and pit leak detectors, will be extended to the WRSS control
station. Existing indications and alarms for the Aging Waste Ventilation
System, 241-A-702, also will be extended as required to the WRSS control
station to allow the operator to determine the status of the tank 241-AY-102
ventilation system. A1l indications and alarms that are extended to the WRSS
control station from existing safety related instrumentation loops will be
electrically isolated by double fuses installed between the safety related and
non-safety related devices to prevent any WRSS-induced fault from compromising
any safety related function, indication, or alarm.

4.6.8 Instrumentation Failure Modes
and Effects

A failure modes and effects analysis was performed to determine safety
classifications for the instrumentation (primary elements). The anaiysis was
based on the functions of the system and associated instrumentation using
available information from system descriptions and drawings. The effects of
the failure modes were determined, consequences of the failure on system
safety functions were evaluated, and the safety class determined.

Safety classification of the instruments was 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 does not permit detailed analysis of cross damages, instruments
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have been classified based on operational functions and engineering judgement.
Final cross-damage analyses will be required in the future based on system
walkdowns and/or as-built documentation.

Safety class 1 instrumentation and controls associated with the seismic
switch safety class 1 system are described in Sections 4.1.1. Based on
WHC-CM-4-46, Section 9.0, Table 1, criterion 16, the other instrumentation
described in Section 4.6 has been determined to be safety class 3.
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5.0 EFFECTIVE DOSE EQUIVALENT VALUES FOR
SLUICING SYSTEM ACCIDENT SCENARICS

The dose calculations in Appendix B are based on the radiocactive
inventory data presented in WHC-SD-WM-SARR-016 (Savino 1995). Validation of
the tank 241-C-106 data was made as detailed in WHC-SD-WM-SARR-016
(Savino 1995) and in Internal Memorandum 8M110-JCC-95002 (Conner 1995). As
noted in WHC-SD-WM-ER-200 (Bander 1993a), WHC-SD-WM-ER-217 (Bander 1993b),
and WHC-SD-WM-ER-427 (Bander 1995), the current estimated radiogenic heat 1oad
of the waste in tank 241-C-106 is 32.2 kW (110,000 Btu/h). Based on data from
WHC-SD-WM-SARR-016_{Savino 1995), the calculated heat load is dominated by
decay of “°Sr and "'Cs, with negligible contribution from other radionuclides,
and is the equivalent of 16.4 kW. This discrepancy between estimated
radiogenic heat load (Bander 1993a, 1993b, and 1995) and the calculated heat
load from the current radioactive inventory in tank 241-C-106 {Savino 1995)
introduces a scaling factor of 2.0.

» Scenarios la and lb: Waste transfer supply Tine and return line
breaks, release time of 2 hours.

The simultaneous postulated failures of both supply and return lines
during a seismic event are assumed to be detected by a material
balance discrepancy. The maximum postulated leak is calculated to
be 3.28 x 10° L (8.66 x 10° gal). The resulting offsite and onsite
EDE values are 8.4 x 10> mSv_x 2.0 = 2.0 x 10°¥ mSy (8.4 x 10"' mrem
X 2.0 = 2 mrem) and 8.1 x 107> Sv x 2.0 = 1.6 x 107¢ Sv (8.1 x 10"
rem x 2.0 = 1.6 rem), respectively.

» Scenarios lc and 1d: Waste transfer supply Tine and return line
breaks, seismic switch shuts down, release time of 10 seconds.

As noted in Section 4.1.1, redundant seismic switches will be
installed to shut down the WRSS transfer system at the onset of a
seismic event. This will significantly reduce the dose consequences
to offsite and onsite individuals as well as reduce the impact to
the environment caused by soil contamination. However, the dose
consequences were determined assuming that the seismic switches did
not function at the onset of the seismic event, that no appropriate
action was taken by the operator to shut down the WRSS, and that the
waste fluid was released to the environment for at Jeast 30 minutes
from a breach in both supply and return lines. The calculated
offsite and onsite EDE values are 8.8 x 107 mSv (8.8 x 107 mrem)
and 1.6 x 1072 Sv (1.6 x 10 rem), respectively.

With the operation of the seismic switches and a postulated release
of waste for approximately 10 seconds, the calculated offsite and
onsite EDE values, are reduced to 8.4 x 10™* mSv (8.4 x 107° mrem)
and 1.6 x 1073 Sv (1.6 x 107" rem), respectively.

Based on the half-hour release scenario noted above, the failure of
the transfer lines will result in an EDE in excess of 5.0 mSv

(500 mrem) (safety class 1 criterion) to the offsite individual
within an estimated time of 283 hours (5.0 mSv/[8.8 x 1-"* mSv x 2]
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[500 mrem/{0.883 mrem x 2}]), and an EDE in excess of 5.0 x 1072 Sy
(5 rem) (safety class 2 criterion) to the onsite individyal within
an estimated time of 1.5 hours (5.0 x 107° Sv/[1.65 x 107° Sv x 2]

[5 rem/{1.65 rem x 2}]). The time to reach the safety class 1 or 2
criteria will be higher if the plume meander effect is applied for a
release time equal to or greater than 1 hour.

The safety function of the sluicing transfer system's primary piping
is to provide confinement of hazardous liquid wastes.- Based on the
safety function and on WHC-CM-4-46, Section 9.0, Table 1, criterion
9, the primary transfer lines (inner pipes) are classified as safety
class 2.

Scenario 2: Unfiltered release caused by recirculation duct
failure.

The HVAC system for tank 241-C-106 will be classified as safety
class 3 because the calculated offsite EDE value of 2.2 x 10°3 mSy
x 2.0 = 4.4 x 10 mSv (2.2 x 107 mrem x 2.0 = 4.4 x 10°" mrem),
based on an unfiltered release of 1 hour, is within the allowable
1imit of 5.0 mSv (500 mrem) according to WHC-CM-4-46, Section 9.0,
Table 1, criterion 2, and the calculated onsite EDE dose value of
2.1 x 107 Sv x 2.0 = 4.2 x 107 Sv (2.1 x 10" rem x 2.0 =

4.2 x 107" rem) is within the allowable limit of 5.0 x 102 Sv

(5 rem) from WHC-CM-4-46, Section 9.0, Table 1, criterion 9.

Scenario 3a: Jumper or connector break inside the pit, cover block
off, release time of 2 hours.

The calculated offsite EDE value of 3.1 x 10" mSv x 2.0

= 6.2 x 10" mSv (3.1 x 10° x 2.0 = 6.2 x 10° mrem) exceeds the
allowable timit of 5 mSv (500 mrem) based on WHC-CM-4-46,

Section 9.0f Table 1, criterion 2. The calculated onsite EDE value
of 2.9 x 10" Sv x 2.0 = 5.8 x 10" Sv (2.9 x 10° rem x 2.0

= 5.8 x 10° rem) exceeds the allowable limit of 5.0 x 10 ¢ Sy

(5 rem) based on WHC-CM-4-46, Section 9.0, Table 1, criterion 9.

Scenario 3b: Jumper or connector break inside the pit, cover block
on, all openings closed, release time of 8 hours.

The calculated offsite EDE value of 1.6 x 107 mSv x 2.0
=3.2x10°mSv (1.6 x 107* mrem x 2.0 = 3.2 x 10°% mrem) is well
within the allowable limit of 5 mSv (500 mrem) based on WHC-CM-4-46,
Section 9.0, Table 1, criterion 2. Also, the calculated onsite EDE
dose value of 1.5 x 10 Sv x 2.0 = 3.0 x 10°® Sv (1.5 x 107 rem

X 2.0 = 3.0 x 107 rem) is well within the allowable limit of

5.0 x 107 Sv (5 rem) based on WHC-CM-4-46, Section 9.0, Table 1,
criterion 9. Therefore, if the pit covers are installed before any
transfer operation through the jumpers and/or connectors within the
pit, there is no impact to health and safety of personnel or to the
environment. In order to ensure safety of personnel and to prevent
any impact to the environment, the pit covers are required to be
installed and remain in place while performing the transfer
{Dougherty 1993).
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Scenarie 3c: Jumper or connector break inside the pit, cover block
on, 2-in. valve handle hole open, release time of 8 hours.

The calculated offsite EDE value of 6.5 x 107 mSv_x 2.0

= 1.3 x 10° mSv (6.5 x 107 mrem x 2.0 = 1.3 x 107" mrem) is well
within the allowable 1imit of 5 mSv (500 mrem based on WHC-CM-4-46,
Section 9.0, Table 1, criterion 2. A1sg, the calculated onsite EDE
value of 6.2 x 107 Sv x 2.0 = 1.3 x 107 Sv (6.2 x 107° rem x 2.0
=1.3 x 10" rem) is less than the allowable limit of 5.0 x 1-2 Sv
(5 rem) based on WHC-CM-4-46, Section 9.0, Table 1, criterion 9.
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Table A-1. Tank 241-C-106 Radionuciide Inventory Data.

Sample type Drainable interstitial (iquid Sludge/slurry solids . Tank
inventory

Sample date 05/19/86 05/19/86 05/19/86

Density g/mi 1.43

Volume (1 E+03 16 197 213

gal) .

Volume (L) 6.06 E+04 7.48 E+05 8.06 E+05

Units HCi/L Bg/L Bg uci/g Bg/L By Bq

Y 3.51 E-0Y 1.30 E+D4 | 7.87 E+8 2.32 E-04 1.23 E+04 9,12 E+09 .94 E+09

“to <1.27 E+01 4.70 E+05 | 2.85 E+10 | 8.88 E-01 4.50 E+07 3.51 E+13 3.51 E+13

s 1.65 E+03 6.11 E+07 | 3.70 £+12 | 1.98 E+03 1.05 E+11 7.82 E+i6 7.82 E+16

*Tc 1.41 E+02 5.22 E+06 | 3.16 E+N1 2.19 E-0 1.16 E+07 8.64 E+12 B.96 E+12

'] 1.40 E-02 5.18 E+02 | 3.14 E+07 | 8.10 £-05 4.29 E+03 3.20 E+09 3.23 E+09

'¥cs 2.78 E+D4 1.03 E+09 | 6.23 E+13 | 3.30 E+02 1.75 E+10 1.30 E+16 1.30 E+16

U-Nat .58 E-01 2.50 E+01 1.52 E+C6 | 4.09 E+02 1.53 E+04 1.14 E+10 1.14 £+10

Ma/t La/g

HEpy 9.78 E+02 3.62 E+07 | 2.20 E+12 | 2.6% E+DO 1.42 E+08 1.06 E+14 1.08 E+14

*am <1.39 E+O1 5.14 E+053 | 3.12 E+10 | 1.05 E+0Q 5.56 E+07 4.15 E+13 4,15 E+13

Total @

Total 8

Total y 2.78 E+04 1.03 E+09 | 6.23 E+13 [ 3.63 E+02 1.92 E+10 1.43 E+16 1.44 E+16

Note: Information in this table is from the fellowing documents:

Conmer, J. C., 1995, Scurce Term for Safety Analysis Support of the Waste Retrieval of Tank

241-C-106 (Internal Memorandum 8M110-JCC-95002, to J. W. Bailey, February &),
wWestinghouse Hanford Company, Richland, Washington.

Savine, A. V., 1995, Tank Waste Compositions and Atmospheric Dispersion Coefficients for Use in

Accelerated Safety Analysis Conseguence Assessments, WHC-SD-WM-SARR-D16, Rev. 1

Westinghouse Kanford Company, Richland, Washington.
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Table A-2. Tank 241~AY-102 Radionuclide
Laboratory Data.

Sample Core
Sample date November 1984 January February 1990
1988

Reference no. 65453-84-348 PHNL log PNL report
Sample no. R-3214 R-3215 PNL 12988 Supernatant Washed

- Solids
Density g/ml - -- -- ~1,0 =-1.4
" -- -- -- NA <1.40 E+00
“Co .- .- .- ND 2.02 E+03
ittt 1) 2.32 E+04 153 -- 6.58 E+03 4.13 E+07
oy . .. .. . .
*Te -- -- -- NA 3.50 E+01
' -- .- -- NA <1.68 E+DD
'ty -- -- - 4.95 E+00 ND
es 5.925 E+05 | 7.525 E-01 -- 4.32 E+03 1.60 E+03
"*"pm -- .- -- - .-
'"Ey -- -- -- ND 7.20 E+04
U-Nat -- -- -- 5.71 £-01 1.46 E+01
*Np -- -- 5.29 E+D1 -- --
PPy -- -- 1.59 E+01 ND 1.40 E+03
tpy .- -- 3.18 E+D1 2.34 E-01 5.05 E+03
“py -- .- 1.90 E+02 -- --
*'Am -- -- 2.91 E+02 1.50 E-03 2.55 E+04
*Mam .- -- .- .- --
#am -- -- -- -- --
itm -- -- -- ND 8.83 £+02
*em -- -- 7.41 -- --
Total @ v - " i --
Total § - .- - -- --

Note: Information in this table is from the following documents:

Lonner, J. C., 1995, Source Term for Safety Analysis Support of the Waste

Retrieval of Tank 241-C-106 (Interral Memorandum BM110-JCC-$5002, to
J. W, Bailey, February 6), Westinghouse Hanford Company, Richland,
Washington.

Savino, A. V., 1993, Tank Waste Compositions and Atmospheric Dispersion

18
NA
NO

v oo un

Coefficients for Use in Accelerated Safety Analysis Conseguence

Assessments, WKC-SD-WM-SARR-016, Rev. 1, MWestinghouse Hanford
Company, Richiand, Washington.

insufficient sample.
not analyzed.
not detected.

All units are in 4Ci/L unless otherwise indicated.
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Table A-3. Tank 241-C-106 Chemical Inventory Data (Van Vieet 1993b)
Sample type Sludge Supernatant Tank
inventory'
Sample date 4/1/90°
Sample 1D RAT-C106-4A
Density g/ml 1.75 ’
Volume 181 32 213
(1 E+03 gal)
volume (L) 6.85 E£+05 1.21 E+05 8.06 E+05
Units ug/g g/L g g/L g g
Ag 2.10 E+03 3.68 E+00 2.52 E+06 2.58 E+06
Al 1.15 E+05 2.01 E+02 1.38 E+08 1.38 E+08
As 3,90 E+02 6.83 E-01 4.68 E+05 4,68 E+05
B 3.50 E+02 6.13 E-O01 4.20 E+05 4.20 E+05
Ba 3.50 g+02 6.13 E-01 4.20 E+05 4,20 E+05
Ca 1.90 E+03 3.33 E+00 2.28 E+06 - 2.28 E+06
Ce 4.90 E+02 8.58 E-O 5.88 E+0% 5.88 E+05
Cr 1.75 E+03 3.056 E+00 2.10 E+06 2.10 E+06
Cu 3,00 E+02 5.25 E-O1 .60 E+05 3.60 E+05
Fe 8.24 E+04 1.44 E+02 9.88 E+07 9.88 E+07
Mg 4.20 E+02 7.35 E-O1 5.04 E+05 5.04 E+05
Mn 4.50 E+03 7.88 E+00 5.40 E+06 5.40 E+06
Na 1.56 E+05 2.73 E+02 1.87 E+08 1.87 E+08
NG 5.60 E+02 9.80 E-01 6.71 E+05 &6.71 E+05
P 7.30 E+03 1.28 E+01 B.75 E+06 . 8.75 E+06
Pb 2.50 E+03 4.38 E+00 3,00 E+D6 3.00 €+06
sh 2.90 E+03 5.08 E+00 3.48 E+06 3.48 E+06
Se 1.40 E+03 2.45 E+00 1.68 E+06 1.68 E+06
$i 2.60 E+04 4.55 E+D1 3.12 E+07 3.12 E+07
Sr 1.10 E+D2 1.93 E-01 1.32 £+05 1.32 E+05
Ti 3.30 E+02 5.78 E-01 3.96 E+05 3.95 E+05
T 1.20 E+03 | 2.10 €+00 | 1.44 E+06 1.44 E+06
2r 6.00 E+02 1.05 E+00 7.19 E+05 ’ 7.i9 E+05
Note: Infermation in this table is from the following documents:

Conner, J. €., 1995, Source Term for Safety Analysis Support of the Waste Retrieval of Tank

261-C-106 (Internal Memorandum 8M110-JCC-95002, to J, W. Beiley, February &},

L

Westinghouse Hanford Company, Richland, Washington,-

Savino, A. V., 1995, Tank Waste Compositions and Atmospheric Dispersion Coefficients for Use in

Accelerpted Safety Analysis Conseguence Assessments, WHC-SD-WM-SARR-016, Rev. f,
Westinghouse Hanford Company, Richland, Washington.

‘Sludge volume only.
"Date of document.
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Table A-4. Tank 241-AY-102 Chemical Inventory Data. (2 sheets)
Sample - Supernatant Comp solids/sludge . Tank
type inventory
Sample 2nd quarter 1988 2nd quarter 1988 end quarter
date 1988
Sample ID 102-AY Seg 1 102-AY Como - -
Reference PNL letter report 9000855 (2/12/%90) PHL letter report 9000855 (2/12/%0) -
Density 1.0 1.4 -
g/ml
Volume 818 (June 1988} 32 (June 1988) 850
(1 E+03
gal}
Volume 3.10 £+06 1.21 E+05 3.22 E+D6
(L)
Units M g/L g mmol/g g/L ) g
Ag 6.40 E-US' 5.90 E-03 2,14 E+D4 6.70 E-02 1.01 E+01 1.23 E+06 1.25 E+06
Al 5.90 E-05 1.59 £-03 4.93 E+03 1.60 E+00 6.04 E+01 7.32 E+06 7.33 E+06
B 7.70 E-04 8.33 E-03 2.58 E+04 4.40 E-O1 6.67 E+0D 8.07 E+05 8.33 E+(5
] 2.90 E-06 3.98 E-04 1.23 E+03 1.50 E-02 2.88 E+00 3.49 E+05 3.51 E+05
[oF:] 1.10 E-04 4.41 E-03 1.37 E+04 4.20 E-01 2.36 E+DY 2.85 E+06 2.87 E+06
cd <1.00 E-06 <1,12 E-04 | <3.48 E+Q2 4.00 E-03 6.29 E-01 7.63 E+04 7.66 E+04
Ce <4.00 E-06 «<5.61 E-04 <1.74 E+03 8.60 E-03 1.69 E+00 2.04 E+05 2.06 E+Q03
Cl- 1.70 E-02 6.03 - 1.87 E+06 2.40 E-01 1.19 E+01 1.44 E+06 3.31 E+06
Cr 2.50 E-D4 1.30 E-C2 4,03 E+D4 7.20 E-02 5.24 E+00 §.35 E+05 6.75 E+05
Dy <1.00 E-Q7 <1,.63 E-05 <5,03 E+01 <5.03 E+D1
F- 9.30 £-03 1.77 E-D1 5.47 E+05 1.80 E-01 4.79 E+00 5.80 E+05 1.13 E+06
fe 7.20 E-06 4.02 E-04 1.25 E+03 1.60 E+00 1.25 E+02 1.52 E+07 1.52 E+07
Hg 3.80 E-04 1.07 E-01 1.29 E+04 1.2% E+04
K 1.10 E-03 4.30 E-02 1.33 E+05 5.90 E-02 3.23 E+00 3.91 E+05 5.24 E+05
La <4.00 E-07 | <5.56 E-05 [ <1.72 E+02 3.00 E-D2 | 5.83 E+0Q 7.07 E+05 7.07 £+405
Li <1.00 E-05 <6.94 E-05 <2.15 E+02 <2.15 E+02
Mg 2.30 E-05 £.59 E-04 1.73 E+03 3.00 E-D1 1.02 E+D1 1.24 E+06 1.24 E+06
Mn <2.00 E-Q7 <1.30 E-05 <3.40 E+D1 1.70 E-01 1.31 E+01 1.58 E+06 1.58 E+06
Mo 4.30 E-06 4.13 E-04 1.28 E+03 2.00 E-03 2.69 E-01 3.25 E+04 3.38 E+04
NC2~- 2.50 E-02 1.15 E+00 3.56 E+06 1.10 E-01 7.09 E+00 8.58 E+05 4.42 E+D6
NO3- 4.40 E-03 2.73 E-0 8.45 E+05 1.70 E-02 1.48 E+00 1.79 E+05 1.02 E+06
Na .60 E-02 2.21 E+00 6.86 E+06 1.80 E+00 5.77 E+01 7.02- E+06 1.39 E+07
Nd <7.00 E-07 <1.01 E-04 | <3.13 E+D2 1.90 E-02 3.84 E+0D 4,65 E+05 4,65 E+05
Ni <2.00 E-06 <1.17 E-04 | <3_64 E+02 5.60 E-02 4.60 E+DO 5.58 E+05 5.58 E+05
P 1.00 E-04 3.10 E-03 9.5% E+03 2.30 E-M1 9.97 E+00 1.21 E+06 1.22 E+06
PO4--- 5.50 E-04 5.22 E-02 1.62 E+05 2.40 E-02 3.19 E+00 3.87 E+05 5.48 E+05
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Table A-4. Tank 241-AY-102 Chemical Inventory Data. (2 sheets)
Sample Supernatant Comp solids/sludge . Tank
type - inventory
sample 2nd quarter 1988 2nd quarter 1988 2nd quarter
date 1988
Sample 1D 102-AY Seg 1 102-AY Comp .-
Reference PNL letter report 9000855 (2/12/90) PNL letter report 9000855 (2/12/90) --
Density 1.0 .4 --
g/ml
Volume 818 (June 1988) 32 (June 1988) 850
{1 E+03
gal)
Volume 3.10 E+08 1.21 E+05 3,22 E+06
(L)
Units M g/L 9 mmel/g g/L g g
Rh <2.00 E-06 | <2.06 E-04 | <b.37 E+02 <6.37 E+02
Ru <1,00 E-06 <1.01 E-04 <3,13 E+02 <3.13 E+02
SO4-- 1.30 E-03 1.06 E-01 3.27 E+05 8.10 £-03 1.09 E+00 1.32 E+05 4,59 E+05
Si 5.90 E-03 1.66 E-01 5.13 E+05 4.30 E-01 1.69 E+01 2.05 E-06 2.56 E-06
5r 2.60 E-06 2.28 E-04 7.05 £+02 9.00 E-03 ] 1.10 E+00 1.34 E+05 1.34 £+05
TOC 2.40 E-02 2.88 E-01 8.92 E+05 3.82 E+00 | 6.42 E+01 7.78 E+06 8.67 E+06
Te <2.00 E-06 | <2.55 E-04 | <7.90 E+02 4.00 E-03 § 7.15 E-01 B.66 E+D4 8.74 E+04
Ti <4.00 E-07 | <1.92 E-05 | <5.93 E+D1 7.10 E-03 | &4.76 E-01 5.77 E+04 5.77 E+04
u 3.50 E-03 B8.33 E-O1 2.58 E+D6 6.50 E-02 | 2.17 E+01 2.62 E+D6 5.20 E+06
n 5.00 E-G6 3.27 E-04 1.01 E+03 8.10 E-03 | 7.41 E-01 8.98 E+04 ?.08 E+04
r 7.60 E-Q7 6.93 E-05 2.15 E+02 6.30 E-03 | 8.05 E-01 9.75 E+04 Q.77 E+04
Note: Information in this table is from the following documents:

Conner, J.

C., 1995, Source Term for Safety Analysis Support of the Waste Retrieval of Tank

241-C-106 (Internal Memorandum 8M110-JCC-95002, to J. W. Bailey, February &),
Westinghouse Hanford Company, Richland, Washington,

Savino, A. V., 1995, Tank Waste Compositions and Atmospheric Dispersion Coefficients for Use in

Accelerated Safety Analysis Consequence Assessments, WHC-SD-WM-SARR-016, Rev. 1,
Westinghouse Hanford Company, Richland, Washington.
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x C o U & CONTROL SHEET
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PROJECT TITLE 241-C-106 Waste Retrigval
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STRUCTURE OF S5YSTEM N/A DESIGN CLASSIFICATION _Varies

sussecT _EDE Dose Consequences and EHSC Calculations
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P
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APPROVED BY /;’f . %zngéa_ DATE :;gz%ff
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PROBLEM STATEMENT:
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SUMMARY/CONCLUSIONS:
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Calculations

DESIGN BASIS
1. A conservative estimate of the radionuclide inventories for the C-106 and AY-102

tanks used in the C-106 waeste retrieval is taken from Appendix B, Hanford Si«e
Tank Farm Facilities Interim Basis, WHC-SD-WM-iSB-001 (Ref. 13). Anaiysis in
Appendix C {Ref. 13} was performed for unit liter respirable releases of selected
Hanford high level waste tanks which included 241-C-106, 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 10 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-2 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 89.5% (sector
normalized) atmospheric dispersion coefficient. The individual is aiso 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. intermal dose from inhalation is caiculated as a 50 year committed effective

dose equivalent (EDE),

The unit liter inhaiation EDE to the bounding offsite individuai for solids in C-1086

(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

5 and per Tabie C-7, Appendix C, Ref. 13} is: 1.80E-5 rem (per liter)

Similarfy, the unit liter submersion EDE to the bouhding offsite individual for C-106
solids {per Table C-9, Appendix C, Ref. 13} is: 2.50E.7 rem (per liter)

The unit liter submersion EDE to the bounding offsite individual for C-106
supernatant {transferred from AY-102 with AY-1017 supernatant, see Criterion 14

on Sheet 5 and per Appendix C, Rev. 14jis: 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 included in the calculations. In
addition, per Criterion 15 below, ground shine doses have not been included in the

-calculations.

Since ail of the radionuclides of concern have long haif-lives, doses tc 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 receprors,
the piume 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 pilume meander {PM) have been used as foilows: CF = 1 for maximum
doses to offsite individual without plume meander (PM); CF = 0.64 for maximum
doses to offsite individual with PM; CF = 810 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 Qffsite Individual
without/with PM

EDE, rem/liter EDE, rem/liter

{solids) {(supernatant)
inhalation without PM 2.30E-2 1.80E-5 I
{CF = 1) T -
Inhalation with PM 1.47E-2 1.15E-5 '
(CF = 0.64)
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Tabie A-2. Unit Liter Release Dose Calculation for Onsite Individual
Without Plume Meander

{solids) (supernatant}
—— e — - — -

Inhalation | 4.37E+1 3.42E-2

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

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

Onsite EDE, rem/liter ' EDE, rem/liter
{solids} (supernatant)
Inhalation 1.40E + 1 | 1.10E-2

Per Section 4.2 of Onsite/Offsite Worker Definition {(Ref. 4), a two hoyr evaluation
period is recornmended for all offsite calculations to the general public. This is also
in conformance with the guidelines of Regulatory Guide 1,745 (Ref.5}.

Per items 9 and 10 of Section 4.2.1, Chapter 4.0 of Nonreactor Faciiity Safety
Analysis Manual, WHC-CM-4-48 (Ref, 7), only inhalation and submersion pathways
are considered for determining the offsite individual EDE values, as weli as for
onsite individual EDE values. Per Safery Classification of Systerns, Components,
and Structures, MRP 5.46 {Ref, B], only EDE values are needed to determine the
safety classification of systems, equipment and components.

Design data for process sysiems that afe 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 nct 10 be disturbed during
sluicing from C-106 to AY-102.
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A ground ievel 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 shieiding. 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. 18, 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 calcuiations
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 90% 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
quantity of leak that forms in to a pool at the surface is estimated to be 10 percent
of the total quantity that is postulated 1o 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 wiil leak to form a pool at the ‘surface from a total quantity
of the liquid that is postuiated 1o 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 fracvon is equal to 1.0B-5 (0.00001) per DOE-HDBK-0013-83, Mishima,
Ref 15.

Based on a preliminary evaluation of the system design and EDE dose
consequences due 10 transfer line break, Project W320 has decided 1o instzll a
seismic switch to mitigate the impact to the personnel safety and heaith due to
dose consequences, and to the environment due to s50il contamination. A 10
seconds time is used for caiculations purposes as the release time period for pump
coast down before the pump completely shuts down, This time period will be used
for caiculating the dose conseguences 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 siuicing out the solid
contents in C-106 to form slurry. This siurry will be transferred to AY-102.

For supply transfer line break caiculations, 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 caiculations, 10 percent solids (Sp. Gr. of 1.0! from C-
106 and 30 percent supernatant (Sp. Gr. of 1.0} have been used per FOC 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-1086.

UNVERIFIED ASSUMPTIONS/CPEN ITEMS

None
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1. SCENARIO NO. 1: WASTE TRANSFER LINES BREAK

N

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

c-106 } b

w2000 1T
—
\ A SUPPLY
) RCTURN

AY=-102
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JA_A'

IUFFLYT 3150 GPN

307 C-108 SOLIDS

707 AY=HEE IUPERNATANT
(AY-ITl SUPERNATANT IN AY-L0D

RETURN: IS0 GPH

16X C-106 3OLIDS
P07 AY-102 JUPERNATANT
(AY=101 JUPERNATANT IN AT-1DZ>

SCHEMATIC DIAGRAM

C-106 WASTE

RETRIEVAL

FIGURE 1o
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Time)
At a2 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, +d4 flon

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:

Voiume of 2000 ft of piping_ = M x {4.026 in}%/4 x 2000 ft x 12 in/ft

= 3, +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’ /gai
= 1 -+ llon

Total voluhe release = 4. 20E+4.+ 1.32E+3
= 4, + 4 it

At 3.7885 liters per gallon, per Ref. 1, .
Effective radioactive volume '

release 4.33E+4 gal x 3.785 liters/gal

1.684E + 5 liters
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Per Criteria No. 11 on Sheet 4, the reiease volume

to the surface (forming a pool) is equivalent to

1q_ per cent of the total release,

whnich is equal to = 1.64E+5 x 0.1

= 1 .64F + 4 liter

Per Criterion 12 on Sheet 5, the release fraction for liquid release aeroso!l (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
li Radi tive Rel lation

Based on 30 percent solids (per Criterion 15 on Sheet 5)
Effective radioactive voiume release = 1.64E-1 x 0.30/ 1.2
= 4.10E-2 i

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

= ﬁ !!;35-4 rem

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

Therefore, for a total volume reiease of 4.10E-2 liters,
the onsite EDE = 1.40E+ 1 rem/liter x 4.10E-2 liter

= 5.755'1 rem
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iguid Radioactive Rel iculatign

Based on 70 percent supernatant liquid

{per Criterion 15, Sh. 5i,
Effective radiocactive voiume release = 1.684E-1 x 0.70

= 1.15E-1 liter

From Table A-1, offsite unit liter reiease EDE inhalation dose for AY-102 {with AY-101
supérmatant) is equal 1o 1,15E-5 rem/liter with PM.

Therefore, for a total volume release of 1.15E-1 liters,

the offsite EDE = 1.15E-5 rem/liter x 1.15E-1 liter

= ,325'5 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. la = § 0E-4 rem

EDE dose consequence for Onsite Individual for bath solids and liquid,

Scenario No. 1a = 5.8E-1rem
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Lh SCENARIQ NO. 1b: WASTE TRANSFER RETURN LINE BREAK (2 Hours Release
Time)

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

lids Radiggctive Rel Icylation
The return line has 10 percent C-106 solids {per Criterion 15, Sh. §)

1.64E-1 x 0.10
1.84E-2 literg

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.

Effective radioactive volume reiease

nu

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

= 2 415-4 rem

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

Therefore, for a total volurme release of 1.84E-2 liters,

the onsite EDE = 1.40E + 1 rem/liter x 1.64E-2 liter
= 2.30E-1 rem
iquid Radi jve Ral lcyiation

The return line has 20 percent supernatant liquid (per Criterion 15, Sh. 5)

1.64E-1 x 0.90

1.48E-1 liters

Effective radioactive voiume release
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From Table A-1, offsite unit liter release EDE inhalation dose for AY-102 with AY-101
supernatant is equal 10 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-8 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 remy/liter.

Therefore, for a total volume reiease of 1.48E-1 liters,
the onsite EDE = 1,10E-2 rem/liter x 1.48E-1 liter

= 1.62E-3 rem
EDE dose consaguance for Offsite Individual for both solids and liquid,
Scenario No. 1b = 2.4E-4 rem
EDE dose consequence for Onsite Individual for bath solids and jiquid,
Scenario No. 1b = 2.3E-1rem

VALUATION QF BOTH SUPPLY AND R BN LINE BREAK

EDE dose consequencs 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,
Scenarics 1a and 1b = {8.8E-1) + (2.3E-1) rem

= 8 1E-1 rem

From above, the EDE dose consequence vaiues are < 50O 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 Envirocnmental
Hazard Safety Classification (EHSC) per EP 1.4 (Ref. 9) 1o determine the safety
classification. See Step B.1 for EHSC caiculation for Scenarios 1a and 1b,
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1,c SCENARIQ NO. 1¢c: WASTE TRANSFER SUPPLY LINE BREAK (Seismic Switch
Shutoff and 10 Seconds Release Timal

Per Criterion No. 13 an Sheet 4, the seismic switch will terminate operation ci*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 10
the environment due to gravity flow has been included in the caiculations.

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,

Voiume reiease = 10 sec x 350 gpm / 60 sec/min

= -1 ilon

it is assumed that the accident occurs at C-106 tank farm. Then the volume (due 10
gravity) for the portion of approximately 2000 ft. 4 inch Sch. 40 piping (Ref. 11) is

calcuiated as foilows:

Volume of 2000 ft of pipe = 1 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” valume = 1 gallon

Therefore, volume of liquid

in the pipe = 3.06E+5 in*/ 231 in? /gal
= 1 e {lon

Totai volume reiease = {8.83E+ 1) + (1.32E+3)
= 1. = lon ’

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

release 1.38E + 3 gal x 3.785 liters/gal

5.22E + 3 liters
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Per Criterion No. 11 on Sh, 4, the release volume
to the surface {forming a pool) is equivalent 1o
10 percent of the total‘release. which

is equal to

8.22E+4+3 x 0.1
B5.22E + 2 liter

Per Criterion 12 on Sh. 5, the reiease fraction for liquid reiease aerosol (from the pool

surface} is 1.0E-5,

Therefore, the amount of hazardous material

suspended is

lids Radi ive Rel icyiati

n

1.0E-5 x 5.22E+2

-3 liter

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

Etfective radicactive volume release

5.22E-3 x 0.30 /1.2
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/iiter 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 Tabie A-2, onsite unit liter release EDE inhaiation deose for C-106 solids' is

equal 10 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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iguid Radioactive Rei [ation

Based on 70 percent supernatant liquid

(per Criterion 18, Sh. §),
Effective radioactive voiume release = 5.,22E-3 x0.70

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

Therefore, for 3 total volume release of 3.65E-3 liters,
the offsite EDE = 1.80E-5 rem/liter x 3.65E-3 liter

= §. 57E-8 rem

Similarly fram Tabile A-2, onsite unit iiter 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 = 3.42E-2 rem/liter x 3.65E-3 fliter

- 25E-4 rem

EDE dose consaquenca for Offsite Individual for both solids and liquid,

Scenario No. 1¢ = 3.0E-5 rem

EDE dose consequence for Onsita Individual for bath solids and liquid,

Scenario No. 1c = 5,7E-2 rem
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1d ENARIO NO. 1d: WA TRANSFER R RN LINE BREAK jsmic Swi ‘h

uroff and 10 S nds Release Tim

From Scenaric 1¢ calculations, Sheet 14, the amount

of hazardous material suspended is = 5. -3 liter
iids Radi tive Rel iztign
The return line has 10 percent solids {per Criterion 15, Sh. 5}

5.22E-3 x 0.10

5.22F-4 liters

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

Effective radicactive volume release

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

the offsite EDE 2.30E-2 rem/liter x 5.22E-4 liter

= 1.20F-5 rem

Similarly from Table A-2, onsite unit liter reiease EDE inhalation dose for C-106 solids is
egual 10 4.37E + 1 rem/liter.

Therefore, for a total volume reiease of 5.22E-4 liter,

the onsite EDE 4.37E+1 rem/liter x 5.22E-4 liter

no#

2.28E-2 rem
id Radi ive Ral icul
Based on 90 percent supernatant liquid
(per Criterion 15 on Sheet §),
Effective radioactive volume release = 5, 22E.3 x 0.80
= 4. 70E-3 liters
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From Table A-1, offsita 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 a3 total voiume 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-107 supern: :nt}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

1.67E-4 rem

EDE dose consequenca for Offsita Individuyal for both sclids and liquid,

Scenarie No. 1d = 1.2E.5 rem
EDE dose consequence for Onsita Individuai for both solids and liquid,
Scenario No. 1d : = 2 3E-2 rem
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VALUATION OF BOTH SUPPLY AND R AN LINE BREAK WITH SEISMIC SWITCH
SHUTOFF

EDE dose consequence for Offsite individual for bath solids and liquid,
Scenarios 1c and 1d = {3.0E-B) + (1.2E-5) rem

= 4 2F-5 rem

EDE dose conseguence for Onsite Individual for both solids and liquid,
Scenarios 1c and 1d = (5,7E-2) + {2.3E-2) rem

= ggg‘g rem

From abova, 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
Safetry Classification (EHSC) per EP 1.4 (Ref. 9) to determine the safety classification.
See Step B.2 for EHSC calcuiation for Scenarios 1¢ 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. 8 {§00 mrem for offsite individual), will be equal to 33 hours
[BO0 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 individuail, will be equai 10 10.4
minutes [5 rem / {B.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 implerment recovery
actions, the waste transfer lines should be classified as SC:2.
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2. SCENARIO NOQ., 2: UNFILTERED RELEASE THRQUGH HVAC RECIRCULATION
DUCT BREAK _

Unfiltered release through the HVAC recircuiaticn duct break scenario is sthematically
shown in Figure 2 below.

EXHAUZT
Fan
I50 ICFH EXHAUST
bl ITACX
1210 SCFM I 2
—~ <)
RECIRCULATION
Fan
c-106
N/ Bbés M

e / | SCHEMATIC DIAGRAM
BREACH

VENTILATION SYSTEM
FICURE 2 ’
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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 3pecific gravity hds
been taken as equivalent to 1.0 for caicuiation purposes since vapor space is 100 percent
humid and SO percent supernatant is in the vapor space per FDC.

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

30 Minutes Raiease

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

x 1ce/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 0.80 x 0.073

= 12E-4 rem

EDE dose consequence for Onsite Individual for

Tank C-106 {without plume meander effact),
Scenario No, 2 = (4.37E+ 1) x 0.10 x 0.073 + (3.42E-2) x 0.20 x 0.073

= J.2E-1 rem

B-26



WHC-SD-WM-SEE-033 REV 2

Form 5007 (Rav. 4/33)
. GENERAL CALCULATION SET NO. REVY. ComMP. 8Y CHK'D 8Y
Engireery & Construcssers ATION
x < =y COMSEEHI 7362-H-006 ¢
prstos. | FuaL | voo NIV gﬁ #
0 DATE 10A
X 12-1F| y-2294

PROJECT 241-C-106 Waste Retrieval

SHEET 13 OF 48

GATE DATE
SUBJECT Dose Conseguences and EHSC
. Calcujations J0. 7362.007
llowing ev i m for 1 an hoyr ref imes for rmining the im
n saf ificati f MVAC; ’
1 Hour R

EDE dose consequence for Offsite Individuai for
Tank C-106 with PM, .
Scenario No. 2 = (1.7E-4) x (0.64) / 0.5

= 2 2E4 ram

EDE dose consequence for Onsite Individual for
Tank C-106 (Table A-3, with piume meander effact),
Scanario 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

Hour Rel lyme meander eff will nsidered per A ndix C. Ref. 13
Per Tables A-1 and A-3, offsite and onsite EDE doses are caiculated as foliows:

EDE doss consequencs for Qffsite Individual for
Tank C-106, Scenario No. 2 = (2.2E4)x 2
= 4. 4E-4 rem

EDE dose consequence for Onsite individual for

Tank C-106 (with plume meandar effact,

Table A-3 data used),

Scanario No. 2 = 2. 1E-1x 2
= & 2E-1 rem
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Based on the onsite individual EDE value with plume meander effect, the tirne to reach
SC-2, Criterion No. 2 per Ref. 9 {5 rem for onsite individual), will be equal to 24 hours.

From the Scenaric 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. 8 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 QR CONNECTOR INSIDE THE PIT
3a, AR! : SPRAY LEAK FROM A JUMP NN R IN TH
“PIT WITH COVER BLOCK OFF

Aerosol leak due to 3 spray leak from a jumper or connector misalignment inside the pit
with pit cover block off is schematically shown in Figure 3a.

AEROSDL RELEASE
NISALIGNGCD
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CONNELCTOR uPPLY
[ / LINE
JUHPTR 7 L

PUNP /LUICE
N — A
T Ak
' Zg;mu SCHEMATIC DIAGRAM
c-106

JUMPER | FAK
FIGURE 3aq i
CEOVER RITK REMIVEDD i
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Calculations

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 reiease time is assumed 10 be 2

hours per Criterion 2 on Sheet 3.

From Table 3 of Ref. 10, the respirabie 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 ¢m long. The width
of the leak is assumed to be 0.1 mm which is the worst case opening for producing
dropiets. The length is assumed to be 5 cm which is a typical circumference of an

opening for a vaive stem.

At 150 psi, value is 9.84E-5 m®/sec
At 200 psi, valueis 1.26E-4 m®/sec

Therefore, for a 50 psi differential, the interpoiated value is

2.68E-5 m?/sec

Therefore, for 180 psi system/pump pressure {without any significant error due to
interpolation method noted above),

the aercsol generation rate = 9.94E-5 + (2.66E-5 x 30/50})
= 1.18E-4 mY/ses
Therefore, volume of material suspended

in 2 hours = 1.15E-4m’/sec x 2 hours x3600 sec/hr x 1000 L/m®

31E < 2 liter
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ligs_Radi jve Rei

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

the effective volume of marerial suspended that will be released to the
environment will be = 8.31E+2x 0.3/1.2

= 2.08E+2 liters

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

EDE dose consequenca for Offsite individual with PM for C-106 solids = 3. 1E+0 rem

EDE dose consequence for Onsite individual for C-1086 solids = ~3 rem
iquid Radi ive Rel icylgtion
Based on 70Q 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+-2x0.7
= 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:

EDE dose consegquence for Offsite Individual with PM for liguid = 6.7E-3 rem
EDE dose consequence for Onsite Individual for liquid = 6.4E+0 rem
EDE dose consequencs for Offsite Individual for solids and liquid,

Scenario No. 3a  =3.1E+0Qrem
EDE dose consequenca for Onsita Individual for solids and liquid,

Scenario No. 3a = 2.9E+3 rem

From the above, the EDE dose conseaquence values are > 500 mirem 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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30, NARIO N : SPRAY LEAK FROM A JUMP NN R INSIDE TH

PIT WITH COVER CK ON_{WITH A PENINGS®

Aerosol leak due to a spray leak from a jumper or connector misalignment inside the pit
with pit cover block on with ail 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 reiease
time is assumed to be 8 hours, which is aquivalent to one shift.

The mechanism for dispersing the aerosol from the pit 1o the environment is through the
leak paths around the cover biocks. The voiume 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 dropiets. The length is assumed to be 5 cm which is typical
circumference of an opening for a vaive stem. The discharge rate through the orifice is

calculated, per Ref. 1, as follows:

Q=0.614/2 gn

Where

=-Discharge rate, m?/sec

Discharge coefficient for a sharp edged orifice

Area of opening, m?

Gravitationa! acceleration, 9.8 m/sec?

sysiem pressure {pumping pressure) expressed as water head, m

Ta pop
o
—
|

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 c¢m/inch x 1 m/100 ¢cm

1.27E+2 m
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and slit area., A = (0.1 mmx 1Tm/T000 mm) x (5 cm x 1 m/100 cm)

= 5 OE-6 m?

Substituting in the above equation,

Q = 1.52F.4 m/sec

The displacement rate of moist air from the pit is taken to be equal to the discharge rate
frorm 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 envirocnment is
= "1.52E-4 m3/sec x 8 hrs x 3600 sec/hr

= 4,38 m?
lids Radi ive Rel lcyigtion
At 30 percent solids content per Cntenon 15 on Sheet §, the volume reieased to
the environment is = 438 m?x 0.30 x 1/1.2
=11m?

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 liter

Therefore, substituting this value in Tabies 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 = 1.8E-7 rem

EDE dose consequence for Onsite Individual for C-106 solids = 1.5E-4 rem
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iguid Radingactive R

At 70 percent liquid content per Criteria 15, the volume released to
the environment is = 4.38 m’ x 0.70

= 307 m?

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

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

3.07E-5 liters

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

It n

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

EDE dose consequence for Onsite Individuai for liguid = 3. 4E.7 rem

EDE dose consequenca for Qffsite Individual for solids and liquid,
Scanario No. 3b = 1.68-7 rem

EDE dose consequanca for Onsite Individual for solids and liquid,

Scenario No. 3b = 1.5E-4 rem

From the above, based on 8 hour release, the dosa consequence vaiues are < 500
mrem for offsite individual and < 5 rem for onsite individual doses. Therefore, the pit
covers should always be covered prior 10 any transfer operation via the
jurnpers/connectors within the pit.
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=C. ENARIO NO. : SPRAY K FROM A MPER OR CONN R INSIDE TH
-PIT WITH VER B N (WITH 2 INCH VALVE HAN PEN

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 hangdle hole open is schematically shown in Figure
3c.

—
=

L

SPPLY
LINE

MITALIGHED
/ JURPER/

CONNECTOR

PUMP/SLLECE
L PIT -

=

_/ FIT DRAIN
TO TANK

(PLUGGEDD
SCHEMATIC DIAGRAM
c-106
JUMPER LEAK
FIGURE 3¢

(COVER HLOCX INSTALLED AND 4
2% IRIPELTIEN PLUG REMOVED)
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Assumed that the jumper or connector is breached, and the waste liquid is postulated to
leak as an atemizing spray with the pit cover on with 2 inch vaive handle hole open for
portable imaging system, and the release time is assumed to be 8 hours which is
equivalent to dne 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
accumuiated 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 & cm which is typicai
circumference of an opening faor a vaive stem. The discharge rate through the orifice is

calculated, per Ref. 1, as follows:

Q=0.61A/29n1

Where
Q = Discharge rate, m’/sec
0.81 = Discharge coefficient for a sharp edged orifica
A = Area of apening, m?
g = Gravitational acceleration, 2.8 m/sec?
h = sysiem 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 em
= 127E+2 m
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and 2 inch square edged
opening area, A = [1x {{2.0 inch x 2.54 cm/inch}?® / 4} x {1 m/100 cm)?

= 2 “:EE- 3 mZ
Substituting in the above equation,
Q = 0.062 m?/

The displacement rate of moist air from the pit is taken to be equal to the discharge rate.
from the leak. With the reiease 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 m’/sec x 8 hrs x 3600 sec/hr
=177E+3 m°
lids Radioacrive Rel lgyiation

At 30 percent solids content per Criterion 15 on Sheet 5,

the volume released 10
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

= 4.4-45-; 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 = §.5E-5 rem

EDE dose conseguence for Onsite Individual for C-108 soiids = §.2E-2 rem
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At 70 percent liquid content per Critericn 15 on Shee 5,

the volume released 10 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

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

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

1.4E-4 rem

EDE dose consequence for Onsite Individual for liquid

EDE dose consequenca for Qffsite Individuai for solids and liquid,

Scenario Na. 3¢ = §,5E-5 rem

EDE dose consequence for Onsita Individual for solids and liquid,

Scanario No. 3¢ = §.2E-2 rem

From the above, based on a release time of 8 hours, the dose consegquence values are

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

pits/boxes monitored for lesks.
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B ul A TION

1. EH A TIONS FOR SCENARIDs 13 and 1

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 Mours

at 350 gpm flow plus line gravity flow,

AADIOACTTVE MATEMAL EHSC CALOULATION
Shewt 1 of 2

COMPONENT/SYSTEM: _ Supply et Retum wanoter yme Sronr DATE: Da/22/94

DA WNG: LOCA TION:

1. MATERAL FOmM

H Pt tdrbicus Muwtenal deparwalt §.0., ST TV & Glremated & piabiged send]? Drearusi Matenet nouns; WuRe, SUOG,
Nk, pimedern, srwl UhOeenbetal S

[1Ne Sieo. Assosmed nare os sslety e J. sthar amana pamrrTeng,

1X] You Progmml

2. QUANTITY OF MATERALS MELEASED l MF(2.1= 11,000
e

e e o the

The follewre) Aetha orovees Fufasivg TACters wiesh @0 & haowroen of Yoo total
ST T the syviamisl. EETeanaTI(L), AWVOr TEUERreial ¥ rtereet.

From Tatves 8-2 sl B3, Grinat rmbempevonns by hati-bfe (T,! corepery ot Shew tonal mrmunt in Cunes ()] for asoh cmagory for

reresse twrm of § hosrs
T <1y Amount = 000 G Tymlto 100 yrs: Amoun = 7 4BE+5 O

Ty > 100 wra: m-ma
ark the apphcasie muitpives) fevers baiew,

W e

Arranset (G} <\ yr |.'Iggﬂ. 2100 wre

<1 M-t W10 MF= 100
1-1000 Ml MEe100 w000
>1000- 10" ME= 100 WF»1.000 MFe 10,000

E31-4 MF=1,00 ME=10.000 WFw 102,000 N

MF{2.] = SUM of uncenmed WiF1 = 1000+ 10000 = 11000
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DATE

DATE

3. TOTAL QUANTITY OF MATEMAL AELEASED" = . 20F+S e MF{l.}l=m 10Q
(0.06F + 4 guiand

5100 ¢ . MFal > 1,000-10,000 gaf ... MF= 10
>100:-1,000 gal ... MF w8 210,000 gtf comen, ME= 100

4. PROXGATY TO ENVIRONMENT AL RECITVERS

A, DEPTH TO AQUWER = 3150 - rqun- 1

> 190 few WE =} 1-TS oM e, MF =l
75150 fom ... W=D G20 temt e, ME= 10

B. DISTAMNCE TO SEMSTIVE SUSFACE WATER™ » NA fest I W4 Bl NA

>I500 femt ... NA 100-800 fost ... MF = 20
2 1000- 1500wt ... MF= § <100 famt ... W= 25
>500- 1000 tewm . MF =18 Drest samarvange 6 artase weiar ... M= 80

G DISTANCE TO OFFSITE BOUNDAAT™ = M4 tomt I MEL Cle NA

> 7500 femt ... NA  1000- 7300 fomt ... M=l <1000 fest . MFe 10

8. CALCULATION OF ENVIRONMENTAL WSFACT FOR SAFETY CLASSIACA TION

Tavm dd, 4.5 sw/or 4.0 oe munel whars greaTwne pernweys 10 W ETVEErITRETL RETL
EMBC « (2HY)HAHABNA.C = (11003101001 INAINAI = 1, 100,000

EHEC = 1.100.000. Saiery Case 1

Tha EHEL is diverrrnus as folows whwre smsh 170 18 The mustmiving (actor (MIT) fram e resoecTvYe Do anht abeve,

"' Total quantity of radicactive material postulated to be released 1o the environment,

2 1 gallon = 3.785 liters, 1 gallon = 8.34 Ibs {at 4°C, a specific gravity of 1, and atmospheric pressure)

™ Examples of sensitive surface waters are the Columbia River and Wast Lake.

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

Criterion 12, Ref. 9.
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Calculations

H A ATIONS FOR NARIOs 1¢c and 1

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,

RADICA CTIVE MATENAL BSC CALCULATION

COMPONENT/STITE: _Supply wel Aerumn owwher e e DATE: 04/22/04 S 18d 3
DRAVWING: LOCATION:
1. MATERAL FORM
n e b duparmiin i, s tem o bt ol wr wininlored spldfi? Dim ' i ety b
- — -l _ L
(1 he Smep. Asvosstml hte o ssbery dimm 1, eier ofeaiel purerErey.
X1 Yan Proemst
1 QUANTITY OF WA TEGALS RELEASED BN = 2000
Tha fui [ ] - w hmbers wiumh ww ¢ ASusman of el tetal e to
e O froml Pub oy - X}

Foum Tobins §-3 vl 5-3, Gresy rsbamatapus by foai-Din (T, ) csapery el starer vl ssenew (i G {5)) fur eagh
amagary fur retveee wen ol § e

T, €1y Amman » 000 O Ty;slw 100 ws: Amusw » TEKIE+T Q

Ty> 100 ywe: Ammou = 1.1%E+10

oyt ¥ eppivedis sdtlvewy fabars b,

Mot B
Amepgw (G0 EAK_% 1100 wwo, > 100 wu
<t et MFw 10 ME = 100
1-1000 W0 o 100 ME= 1,000
> 100010 BEa (00 WE=1000 MF=10.000
» el 00 MNE=10.000 MFe 100,000

WHL] = SUM of wuispivwsl MFs = 1000 + 1000 = Z000
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Calculatigns

FADIGACTIVE MATERAL BHEC CALCULATION

L e

COMPOMBNT/SYSTEM: _Supyry wes Adnon Trwrwiwr Une emar  DATE: O4/72/84 Shwet 342
LOCATION:

DA WING:

2. TOTAL GUANTITY OF MATINAL AREASED™ = 1 048+ d lier M3 = 10
{2758 = 3 yubani -

£300 gul .. WP »1,600-10.000 gu ... MF = 10
> 100-1,000 gut .., MEw § x10.000 guf .. MF = 100

4. FROXESITY TO SNVIROMMENTAL RECHIVERS
A, DEFTHTD AGUIER = > 158 [ I_mm-:

PAL L e— ] ] | 2173 e o WP
76150t . MF=2 0-20 tams ... MFw 10

L. DESTANCE TO SENMTTVE SUWFACT WATEN™ o N4 L l MEHA L= NA

> 2000 fout ... WA 100-800 famt ... MF « 20
> 10002500 fuat ... MF =@ <100 e ., M#=28
> 800- 1000t .., MPF =18 Diront dessuwrgs v warifoss wuser .. 5 » &0

C. DESTANCE TO OFFSAITY AOUMDARY™ . A - ' MEECle NA

> 2500 fumt ... NA  1000-I500 famt . MFed <1000 bt ... M= 10

S CALCURATION OF ENVIROMMENTAL MPAGCT EOK AASETY CLALIFICA TION

mmu“-h_—_iummim_n“mm
Tonm 4.4, 4K sovet 4.C on sppicd vrurs - o ——

BHC « (2 HAANAZHA.C) = (TO0OKTANTHMAKMA] = 20,000

HHEC = 20.000, Setury Cusa I

™ Total guantity of radicactive material postulated to be rsieased to the environment.

711 gailon = 3.785 fiters, 1 gallon = 8.34 Ibs (at 4C, a specific gravity of 1, and atmospheric pressural

@ Examples of sensitive surface waters ara the Columbia River and West Lake.

' Airborne pathways do nat apply for this sansitive surface water or offsite boundary criterion (Tabie 1,
Criterion 12, Ref. 3,
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Table B-1 Radionuciide Sourca Term [Ref. 13)

AY-102, SUPERNATANTI(See

ISOTOPE C-106, SLUDGE (Ses
Notes below) Notes Balow)
Ba/l CURIES/L Bqg/l CURIES/L

Am-241 5.56E+7 . 1.!‘)OE-.':I=r===-====—-=ﬁm=
C-14 1.23E+4 3.32E-7
Co-60 4.50E+7 1.22€.3

Cs-137 1.75€+ 10 4.73E-1 4.03E+9 1.09€E-1
-129 4.29€+3 1.16E-7

Pu-239/240 1.42E+8 3.84E-3
Sr-30 1.05E+ 11 2.B4E+ 0
Te-929 1.16E+7 3.14E+4
u-238 1.53E+4 4.14E-7
Notes

101 supematant) and Tabie C-9 for C-106 solids

Vaiues are taken from Ref. 13, See Tabie C-7 for AY-102 (with AY-

Per Criterion 14 on Sh. 5, C-106 will have supematant fram AY-101

via AY-102.

Curies/L = (Bg/ L) /(3.7E + 10}
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Tabie B-2. Release Curies (data from Table B-1)
Scenarios 1a and 1c (Supply Line}

Hal{ife Total Relasss, Curime
Isotope 2 he Seismuc shutort
Yru, {Scunano la, | (Bosnenic 1c,
Sea Mote 1) See Nona 2)
Amr241 4322 7.38E+ 1 2.35E+0
c14 5730 1.63E-2 E2J0E4
Ca~80 .27 8.00E + 1 1.ME+0
Ce-137 30.17 1SBE+4 1.14E+3
L129 157E+7 5.71E-3 1.82E4
Pu-239/240 | 24TE+4 1.80E+2 8.01E+0
3-890 20.8 1.40E+5 44BE+3
Te-33 213E+5{ 1.54E+1 4.92E-1
u-238 44TE+3 2.04E-2 8.48E4 .

Notes:

Easad on Releasa Volume of 1.64E + 5 Liers (4.33E +4 gallons, from

Scenaria 1a and Criterion 15])

Based on Release Volume of 5.22E + 3 Liters (1.3BE + 3 galions. from

Scanario 1¢ and Criterion 15)

Exampla Caic. for total reiease in curies: Cs-137 and 2 hoyr reieass

From Tabie B-1, {4.73E-1) x 0.30 x {1.64E+5) + (1.08E-1)1 x 0.70 x

(1.64E+5)

= 3 58E+4 Cyries
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Tabie B-3. Reieass Curies {Data from Tabie B-1)
Scenarios 1b and 1d {Retumn Line)
Matidifa Total Ralesssa. carins
Isotope 2hr Senmic shutof!
Yre. (Soensrio ib. Scsnania 1d,
Sos Now 1} Sea Notw 2)
Am-241 4322 2 ABE+1 7.83E-1
X 5730 5.44E.3 1.73E-4
[T £.27 2.00E+1 6.37E-1
Ca-137 30.17 2.38E+4 7.5% .2
129 1.57€+7 1.80E-3 8.06E-B
Pu-239/240 | 2.41E+4 6.30E+1 2.00E+0
$r-90 28.8 4.86E+4 1.48E+ 3
) 2.13E+6 5.18E+0 1.64E-1
v-z38 AATE+9 8.78E.3 2.16E4
Notes:
1. Based on Aelease Volume of 1.64E +5 Liters {4.33E + 4 galions, from
Scanario 1b and Criterion 15}
2. Based on Reiease Volume of 5.22E + 3 Liters (1.38E + 3 gallons, from

Scenario 1d and Criterion 15}

a. Example Calc. for total release in curies: Cs5-137 and 2 hour rejease

From Tabie B-1, (4.73E-1) x 0.70 x {1.84E+8) + {1.08E-1) x 0.80 x

{1.B4E + 5}

BE+4 ries
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2. TIONS F ARIQ NO. RELE
HVAC R T N

From Tables 8-2 and B-3. the cunes per liter vaiues are low for 10 %
C-106 solids and 30 % AY-102 supernatant (from AY-101)., When
these numbers are muitiplied by the release volume of {0.073 X 4)
liter, reiease 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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MMARY AND N N
Scenarig 1; WA ANSFER PPLY AND R RN LIN =1;]
cenarios 1a and 1bh: Wa Transfer ly and Return Lines Break hour
Release Tims .

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 aliowable limit of 500
mrem of Ref. 8. Similarly, the calculated onsite EDE dose vaiue is 8.1E-1 rem

which is within the allowabie limit of & rem per Ref. 9. SC-3 classification is
required based on the dose calculations per Criterion 3 of Ref. 8

EHSC calculation was performed in Step B.1, and the caicufated 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. 3.
Project W320 decided to install a seismic switch in order to reduce the impact on
the personnel safety and heaith hazards due to dose conseguences, and the
environment via soil contamination due to large gquantity of waste spill on 10 the
ground during transfer lines break, especially if the system continues to operate for
a longer periods of time for lack of necessary instrurmentation before the system is
shutdown. See summary and conclusions for Scenarios 1¢c and 1d for line breaks

with seismic shutoff.

Scenarios 1c and 1d;: Waste Transfer Supply and Return Lines Break, 10 Seconds
Release Time With ismi H

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 allowable iimit of 500
mrem of Ref. 9. Similarly, the calculated onsite EDE dose value is 8.0E-2 rem

which is within the allowabie limit of 5§ rem per Ref. 9. 3C-3 classification is
required based on the dose calculations per Criterion 3 of Ref. 9
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Calculations

EHSC calculation was performed in Step B.2, and the calculated EHSC value of
20,000 is less than the value of 500,000. SC-3 classification is acceptable based
on EHSC calculations per Cri;erion 13 of Ref. 9

Basad 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 10 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. 8 {5 rem for onsite
individual), will be equal to 10.4 minutes {5 rem/ (8.02}5-2 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.

Scenarig 2; UNFILTERED RELEASE DUE TQ HVAG RECIRCULATION DUCT BREAK

The calculated offsite EDE dose value of 4.4E-1 mrem is within the allowabte limit
of 500 mrem, and the caiculated onsite EDE dose vaiue of 4.2€-1 rem is also
within the allowable limit of 5 rem per Ref. 9 for 3 2 hour air borne release to the
environment. EHSC calculation was not performed as noted in Step B-3 due 10
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.

Tharefore, 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
cenarig N : ray leak from a Jum or Conn r inside the pit with cover
lock d a release i f 2 hoyr

The calcuiated offsite EDE dose value of 3.1E « 3 mrem exceeds the allowabie limit
of 500 mrem, and also, the calculated onsite EDE dose value of 2.8E=3 rem
exceeds the ailowabie 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.

cengrio N b: Sprav leak from a r or nn r inside the pit/hox with

gover block on with all the openings closed, and a rejease time of 8 hours

The caiculated offsite EDE dose value of 1.6E-4 mrem is well within the ailowabie
limit of 500 mrem, and also, the caiculated onsite EDE dose value of 1.8E-d rem is

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

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

Scenario No. 3c: Spray leak from mper gr Connecior inside the pi x with
ver hiock on an inch valve handle hoie n, and a release time of 8 hour

The calcuiated offsite EDE dose value of §.5E-2 mrem is well within the allowzable
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 vaive handie hole shall be opened with necessary precautions and proper
procedures, and pits/boxes monitored for leaks.
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LEGEND FOR APPENDIX C TABLES

Waste Retrieval Sluicing System

System (corresponds to systems in Table 4-1)

ENC

EQ
LDS
PL

RW
DIST
SWTS

Secondary transfer lines; these lines are identified as
encasement (ENC) pipes on piping and instrumentation drawings.

Equipment such as pumps, valves

Leak Detection System

Primary transfer lines; includes SL (slurry) and SN
(supernatant) 1lines shown on piping and instrumentation
drawings.

Raw Water System

Slurry distributor

Sluicing Waste Transfer System

System safety class justification: Number 4.x.x refers to the section
numbers in Section 4.0 of the text.
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