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1.0 SUMMARY AND CONCLUSIONS

" 1.1 SUIVIbIARY

This report identifies and evaluates safety hazards associated with the interim storage of a
" potentially flammable organic liquid in the 241-C farm waste tank C-103. The objective of

this study is to provide a technical basis for closing the _ewed safety question (USQ)
that was declared in 1992 (Grantham 1992). A USQ was det.erminedto exist because
potential reactions associated with the floating organic layer had not been adequately
addressed in the existing safety analysis report (Bergmann 1986).

The potential hazards of uncontrolled exothermic chemical reactions during interim storage of
the organic liquid in tank C-103 were identified as the following: (1) a deflagration in tank
headspace air, (2) a pool fire at the air/organic liquid interface, and (3) organic-nitrate/nitrite
reactions in liquid and solid wastes. These three hazards were evaluated to identify
conditions under which significant reaction could occur. Comparing tank conditions with
those necessary for a significant uncontrolled reaction permitted the risk posed by the hazards
to be evaluated.

Current tank conditions and key waste properties were determined from a study of tank data
and data obtained from the analysis of waste samples taken from this tank. Tank operations
associated with continued storage of waste in tank C-103 were evaluated against the hazards
to identify potentially credible accident sequences. Controls and monitoring needed to assure
that uncontrolled exothermic reactions do not occur during interim storage were identified.

The key finding of this study is that uncontrolled exothermic reactions can be prevented by
imposing minimal controls and monitoring requirements. The occurrence of a pool fire can
be precluded by preventing the introduction of energetic ignition sources. A deflagration in
headspace air can be prevented by maintaining the concentration of combustible species
below the lower flammability limit (LFL). Organic-nitrate/nitrite reactions do not pose a
significant hazard because reactantconcentrations are too low to yield significant energy.

1.2 CONCLUSIONS

Specific conclusions and summary statements that are supported by this study are listed as
. follows.

1. The floating organic liquid in tank C-103 is primarily normal paraffinic
. hydrocarbons (NPH) and tributyl phosphate (TBP). The measured flashpoint of

this liquid is I18 + 2 °C, so it would not support a pool fire unless heated
(locally) appreciably from its current temperature of 40 + 4 °C. Because its

1-1
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flashpoint is higher than 93.3 °C (200 °F) the organic liquid ranks in the
least-flammable class (Class Ill B) of combustible liquids classified by the
National Fire Protection Association.

2. Decay heat currently is removed by the passive mean of conduction in the waste
and surrounding soft and by convection and radiation in the headspace air. No
active systems exist thatcould fail and thereby cause significant waste heatup.

3. Controls on tank operations that are needed to preclude a pool fire include a
means to prevent gasoline spills from vehicles, and operational controls to
prevent the introduction of flaming objects or heaters that could initiate a pool
fire.

4. Recent sample results provides assurance that the concentration of combustible
species in head_ air (gases and aerosols) is well below the 25% LFL
criterion suggested for this tank. The concentrations of organic gases, vapors,
andaerosolssum toapproximately5% LFL. Hydrogenandammoniaadd
another2% LFL fora totalofapproximately7% LFL.

5. The concentrationofcombustiblespeciesinheadspaceairofradiolyticoriginis
dependenton theventilationrate(inducedby atmosphericpressurefluctuation,
instrumentpurgeair,andnaturalconvection)oftheheadspaceair.The
concentrationsoforganicspeciesthatvolatilizefromtheorganicliquid,on the
otherhand,areexpectedtoremainconstantandclosetothesaturationvalue,
independentofventilationrate.

6. Controlsandmonitoringneededtomaintaincombustiblespeciesbelow25% LFL
are:

I. Semiannualmeasurementsofcombustiblegasesinheadspaceair,or

2. VentingoftankC-103directlytotheatmospherethroughitsown
filteredventalongwithannualmeasurementsofcombustiblegasesin
headspaceair.

7. Adiabaticcalorimetrytestresultsandanalyticalmeasurementsofnitratedalkane
concentrationsperformedon samplesoftheorganicliquidprovideevidencethat
exothermicreactionsintheliquidphasewouldyieldtoolittleenergytorepresent
a safetyhazard.Calculationsbasedon organiccarbonconcentration,,measured
insamplesofaqueoussupernatantliquidandinsludgesamplesshowthat
potentialexothermsaretoosmallfororganic-nitrate/nitritetoposea safety
hazardineitherthesludgeoroverlyingsupernatantliquid.

I-2
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2.0 OBJECTIVEANDSCOPE

. 2.1 OBJECTIVES

This study evaluates exothermic reaction hazards associatedwith a floating layer of organic
liquid in tank C-103. Results of the study are to provide a technical basis for closing the
USO that now exists and to identify controls and monitoring needed to avoid an accident
caused by the presence of the organic liquid.

2.2 SCOPE

This study focuses on flammability and runaway chemical reaction hazards caused by the
presence of the organic liquid in tank C-103. Tank operations considered are those expected
to be carried out during interim storage (i.e., the time period before remov_ of the organic
liquid). Current plans (Fulton 1993) call for the removal of the organic liquid by
March 1995. Because the methods to be used to remove the liquid are not yet well defined,
hazards involved in the removal operation are not considered hereL1. Potential toxicological
hazards associated with tank C-I03 are under study in a separate work effort (Osborne 1992)

" and are not considered in this report.
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3.0 BACKGROUND

- 3.1 OVERVIEW OF TANK C-103

Tank C-103 is on a Watch List at the Hanford Site because it contains a floating organic
- liquid layer (Hanlon 1993). Unevaluated reaction hazards posed by the presence of the

organic liquid were determined to be a USQ (Grantham 1992) for this tank. This tank was
placed on the Watch List because of the USQ.

Tank C-103 is one of twelve 22.9 m (75 ft) diameter tanks having nominal capacities of
2010 ms (530,000 gal) in C Tank Farm located in the 200 East Area. This tank is third in a
three-tank cascade; its floor is 0.31 m (I fl) lower than the upstream tank C-I02. The tank
is buried; the center of its dome-shaped top is covered by approximately 2.7 m (9 ft) of
earth.

The waste in tank C-103 is composed of a bottom layer of sludge, a middle layer of aqueous
supernatantliquid, and a relatively thin top layer of organic liquid. Sludge depth, referenced
to the bottom center of the tank averages 1.2 m (49 in.) in depth. The total,depth of sludge
plus supernatantliquid amounts to 2 m (78 in.). Waste depth in this tank is low compared to
a design depth of 5 m (16 ft) for a full tank.

3.2 ORGANIC LIQUID LAYER

An organic liquid, immiscible with water, floats on the aqueous supernatant liquid in
tank C- 103. The organic liquid was Wansferred into tank C- 103 from tanks C- 102 and C- 104,
in 1975 (Hopkins 1992). The liquid, a mixture NPH and TBP, is thought to have originated
from the Plutonium-Uranium Extraction (PUREX) separation plant. The PUREX process
used an organic liquid, composed of 30% TBP and 70% NPH on a volumetric basis, as an
extractant. Partial evaporation of the organic liquid during periods of forced ventilation of
tank C-103 between 1975 and 1992 has reduced the volume of the liquid and depleted the
more volatile hydrocarbons that were initially present in the NPH.

3.3 DETERMINATION OF UNREVIEWED SAFETY QUESTION

" During 1992, the safety of continued storage of the floating organic liquid in tank C-103 was
" reviewed by Westinghouse Hanford Company C'rHC). As a result of the review, the storage

i i ii i i i i I
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of the potentially flammable liquid in tank C-I03 was determined to be a USQ*
(Grantham 1992). Several actions are triggered by the USQ determination.

• Operations at the facility are restricted to those deemed to be necessary for safe
operation.

• A justification for continued operations (JCO) is prepared to identify operations
allowed and the basis for why the allowed operations do not pose an
unacceptable hazard in light of the USQ designation. A ]CO has been prepared
for tank C-I03 (Carothers 1993).

• A safety review of the facility/operation is prepared to determine what hazards
exist and their potential consequences. Based on the findings of the safety
review, a judgment will be made that: (1) the hazards fall within currently
defined safety envelopes, (2) the larger safety envelopes apply and are
acceptable, or (3) a mitigation effort is required to reduce the potential risk
posed.

This report documents the safety review process identified above.

3.4 POTENTIAL HAZARDS OF INTERIM STORAGE

Potential hazards of interim storage of organic liquid in tank C-103, as identified in the
Interim Safety Basis (ISB) document (Leach and Staid 1993a) are described as follows.

3.4.1 Deflagration in Headspace Air

A hypothetical sequence of events that describes this postulated hazard is as follows.

*The USQ designation is a formal procedure required under specific orders from DOE
(DOE 1956; DOE 1991). The USQ orders state, "A proposed change, test or experiment
shall be deemed to involve an unreviewed safety question if:

• The probability of occurrence or the consequences of an accident or malfunction
of equipment important to sa_'ety,evaluated previously by safety analysis will be
significantlyincreased,or

• A possibilityforan accidentor malfunctionof a differenttypethanany evaluated
previously by safety analysis will be created which could result in significant
safetyconsequences."

i i ill i llll i i i i i i i i i II ,H,,,,I,,ll,,,, I I| I I
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• Combustible species originating from radiolysis, from the evaporation of volatile
components of the liquid, from the formation of organic mists, or other processes
build in headspace air to flammable concentrations.

• An ignition source is accidenfly introduced into the flammable air-fuel mixture
and the mixture is ignited.

• Combustion in headspace air causes a temperatureand pressure increase that
results in a pressurized release of combusted gases and entrained material to the
atmosphere. Relatively low developed pressures [(--7 kPa (I Ib/in2)]could
rupture high-efficiency particulate air (HEPA) filters. Tank structural integrity
would be challenged for higher combustion pressures.

The deflagration event described above is impossible if the combustible species
concentrations are lower than the LFL.

3.4.2 Combustion of Organic Liquid as a Pool Fire

A hypothetical sequence of events that describes this postulated hazard is as follows.

• The floating liquid is assumed to be flammable (i.e., will support a flame if
ignited locally).

• The liquid is ignited locally, and flame spreads over a large area of the pool.

• The pool fire causes pressure and temperature to rise in headspace air. If
sufficiently high pressures are reached, then a pressurized release of combusted
gases and entrained material to the atmosphere could take place. Relatively low
developed pressure [(-7 kPa (1 lb/in2)] could rupture HEPA filters. Tank
structural integrity would be challenged for higher combustion pressures.

Initiating a pool fire over a liquid that is highly subcooled compared to the fiashpoint
requires that the liquid be heated (at least locally) to above the fiashpoint and the introduction
of an ignition source into a flammable air-fuel mixture above the pool.

3.4.3 Organic-Nitrate/Nitrite Reactions

Organic-nitrate/nitrite reac_ons are theoretically possible in both the organic liquid and in the
sludge layer. A hypothetical sequence of events that describes the postulated hazard of
organic-nitrate/nitrite reactions in the organic liquid is as follows.
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• It is postulated that the TBP present in the organic liquid has reacted with
nitrates and nitrites in the aqueous supematant liquid on which the organic floats.
An appreciable concentration of nitrated organics is thus postulated to have
formed and to remain suspended in the organic layer.

• The organic liquid is heated to a reaction threshold temperature by means of a
pool fire or other accident. An exothermic organic-nitrate/nitrate reaction
occurs, resulting in the release of gases and thermal energy to the headspace air.

• Released gases and energy would cause an increase in tank pressure and could
cause a release of headspace air and entrained material to the atmo_here.
Relatively low developed pressures (-7 kPa [1 lb/ine]) could rupt,zre i__.PA
filters. Tank structural integrity would be challenged for higher combus,'ion
pressures.

The scenario described above is possible only if exothermic reactions in the liquid release
enough energy to rapidly generate gases.

A hypothetical sequence of events that describes the postulated hazard of organic-
nitrate/nitrite reactions in sludge is as follows.

• Aqueous supernatant is assumed to be lost from the tank by a leak or pumping
process, allowing the organic liquid to float on the sludge.

• The organic liquid is assumed to be flammable.

• An energetic ignition source is accidently introduced into the tank at the pool air
interface, igniting a pool fire. The pool fire spreads with time over a large area.

• Heatup of the sludge by the burning pool to the reaction onset temperature
triggers a propagating organic-nitrate reaction in the sludge, leading to the
release of heat and gases. Vented gases would carry entrained material, causing
the release of radioactive material. Relatively low developed pressures (-7 kPa
[1 lb/in2]) could ruptureHEPA filters. Tank structural integrity would be
challenged for higher combustion pressures.

The scenario described above is possible only if exothermic reactions in sludge release
enough thermal energy to supporta propagating reaction.

3-4
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3.5 INFORMATION AVAKABLE TO CHARACTERIZE HAZARDS

3.5.1 Organic Liquid

. Samples of the floating organic liquid, taken in December 1993 have been analyzed to
characterizeflammability and exothermicreaction hazards. Available data, detailed in
Section 5.0, include the following:

• Layer thickness
• Chemical composition
• Flashpoint
• Organic-nitrate/nitritereaction exotherms.

3J.2 Combustibles in Headspaee Air

A recent sampling effort has been conducted to quantify combustible species in headspace
air. Concentrationdata, detailed in Section 5.0, are available for combustible species in the
following categories.

• Sum of sernivolatile organics (alkanes, TBP) and organic aerosols
• Oa._.s(H2, NH3, CI_, CO)
• Total nonmethaneorganics
• Total combustible species

3.$.3 Sludge and Aqueous Supernatant Liquid

Information on sludge composition is available from two core samples taken in 1986 (Weiss
and Schull 1988). The chemical composition of the aqueous supernatantliquid is known
from analyses performed on samples taken in 1991 (Edrington 199I) and in 1993 (Pool and
Bean 1994). Pertinent information on sludge and aqueous supernatant liquid is presented in
Section 5.0.

3.6 NATIONAL FIRE CODES FOR STORAGE OF
"- FLAMMABLE AND COMBUSTIBLE LIQUIDS

Storage re4uirements specified in the National Fire Codes (NFPA 1986, 1990, 1991) are
briefly reviewed here to help put the hazards posed by the organic liquid into perspective.
While NFPA Codes do not address hazardsposed by radioactive materials, and therefore are
not adequate to provide a safety basis for tank C-103, the Codes help characterize the
flammability hazard.

I Ill i IllllJlrl I11111 I 111 II IIl,ll ] ,rrll, IIlllllll,!, III I I [ ! I I1 HillI I II III II I1{111III . I III I II II IIIMIIII
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3.6.1 Classificationof Flammable and CombustibleLiquids

Liquids are classified u flammable or combustible on the basis of their flashpoints and vapor
pressures. The breakdown of liquids into three major classes (Class I, Class If, and
Class HI) and five subclasses (IA, IB, IC, IIIA, FXB) is summarized in Table 3-I. The
classification scheme ranks liquids in terms of flammability hazard: Class IA is generally the
most hazardous while Class IIIB is least hazardous.

!

The organic liquid in tank C-i03 has a flashpoint greater than 200 °F (93.3 °C) (see
Section 5.1) and is therefore classified as Class HIB, the least hazardous class in NFPA 321.

3.6.2 Classification of Hazardous Locatlom for Electrical Installations

Two safety questions are posed in NFPA 497A for evaluating whether an area needs to be
assigned a hazard classification.

I. Are flammable liquids or flammable gases likely to be present?

2. Are combustible liquids likely to be handled, processed, or stored at
temperatures above their flashpoints?

The answer to both questions is "no" when the organic liquid alone is considered. On this
basis, the presence of the organic liquid would not cause an area to be "classified" in terms
of NFPA 497A.

!

3.6.3 Specific Requirements

Three specific requirements cited by NFPA Codes that appear to have applicability to
tank C-103 are the following.

I. _ For undergroundtanks storing Class ITrliquids, vent pipes shall not be
manifolded with vent pipes from tanks storing Class I liquids unless positive
means are provided to prevent the vapors from Class I liquids from entering the
tank, to prevent contamination and possible change in classification of the less
volatile liquid. This requirement is specified in Section 2-4.5.5 of NFPA 30.

2. Electrical Eaui_ment. Quoting from Section 2-3.5.3 of NFPA 497A, "Class IIIB
liquids have_flashpointsat or above 200 °F (93.3 °C). These liquids se,ldom
evolve enough vapors to form ignitable mixtures even when heated and are
seldom ignited by properly installed and maintained general purpose electrical
equipment." Based on this statement, no special electrical installation
requirements are needed for safe storage of the organic liquid in tank C-103.

f , ,,, , , | | | , | |
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Table3-_. NFPA_6cation of _ammb_eandCombus_ L_qu_ds(NFP^_990.
L_q_ class Liquidpro_am

CrassI-Fiamm_ _ tessthan100°F(_.8°C)andReid
equ_toorlessthan40psiafZ76k_)at

_00°F07.S°C)

s_ IA F_point lessam 73 "F(22.8°Q and_ point
less than100 OF(37.8 °C) ¢3gi

su_h_ssm __,int lessam 73 oF(22.800 and_ point
equal to or greaterthaa 100 °F (37.8 °C)

SubclassIC Flashpointequal to or greater than73 °F (22.8 °C) g
.h and less than I00 OF(37.8 "C)

Class H - Combustible Flashpointequal to or greaterthan100 OF(37.8 °C)
andless_ 140°F(6o°c) ,-.

Class lfl - C.ombu_ble Flash_ equalto or greaterthan 140 °F (60 °C)

s_ m A Fhashpointequalto orgnma-man140OF(6O°C') -
and less than200 °F (93.3 "C) o

Subclass [] B Flashpointequal to or greaterthan200 °F (93.3 °C)

"Closedcup flashpoint
'As determinedby ASTMD 323, StandardMethodof Test for VaporPressureof PetroleumPrmlm:ts

(Reid_al_d)
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3. AdeouateVentilation. QuotingSection2-6.2 of NFPA 497A, "Adequate
ventilationis definedby NFPA 30, FlammableandCombustibleLiquidsCode,
as thatwhichis sufficientto preventaccumulationof significantquantitiesof
vapor-airmixturesin concentrationsover25% of the lowerflammablelimit."
This requirementis met in the headspaceof tankC-103becauseequilibrium
vaporconcentrationsat the currentstoragetemperaturearebelow 25% of the
LFL (see Section5.6).

3.6.4 Summary of NFPA CodeRequirements for Storage
of Organic Liquid in Tank C-103

NFPA rankingof the organicliquid in tankC-103 puts it in the least hazardousclass,
Class IIIB. For Class IIIBliquid, few requirementsbeyond soundengineeringpracticeare
identified, and currentstorage conditionsappearto meet NFPA Codes for flammableand
combustibleliquids. Whenjudged froma liquid flammabilitystandpoint,the organic liquid
in tankC-103poses a minimalhazard.

i ii i m
if

t 3-8



I

WHC-SD-WM-SARR-001 REV. 0

ii i i i ,ill H ,, , ,
ii i |l i i i i , ,, ii i, , -

4.0 DES_FrION OF TANK 12-103

w

4.1 I_]YSICAL DESCRIFrION OF TANK

- Tank C-103 is a 2010 m3 (530,000 gal) single-shell tank located in C Tank Farm in the
200 East Area. It was built in 1944 and first received waste in 1946. The tank is
undergroundwith a soft cover of approximately 2.7 m (9 ft) at the center of its dome-shaped
roof. The tank is constructed of reinforced concrete and is lined on its floor and sidewall
with 6.35 mm (1/4 in.) steel sheet. A cross-sectional elevation view of the tank and waste is
shown in Figure 4-I. The tank is 22.9 m (75 ft) in internal diametez. Height varies from
6. I m (20 ft) at the top of the cylindrical section to approximately 9.15 m (30 ft) at the
center of the dome. The bottom of the tank is dished; the center is 0.3 m (I ft) lower than
the bottom near the vertical walls of the tank. The volume of the dished bottom is estimated

to be 47.3 m3 (12,500 gal) (Hanlon 1993).

4.2 OPERATIONAL COMI_NENTS

Operational components that may be used for waste transfer, monitoring, and control are
described as follows.

4.2.1 Access Pits

Three access pits are shown schematically in Figure 4-1. From left to right they are sluice
pit, heel pit, and pump pit. These pits provide access to the top of the tank and enclose
pumps and piping used for waste management purposes. Each of these pits has a floor drain
that opens into the tank dome and thus represents a leak path from the pit to the tank dome.
The pits are covered from above by a concrete cover block or steel plate. Leak paths around
the mating surfaces between cover and pit may allow air inleakage and outleakage that
bypasses the filtered vent.

4.2.2 Cascade Inlet Lines

Tank C-103 is the third tank in a three-tank cascade. A sloped 76.2 mm (3-in.) pipe
" connects tank C- 103 to tank C- 102. A similar pipe connects tank C- 102 to tank C- I01. At

present, waste levels in all of the three tanks are well below the cascade pipes, so no waste
transfer by this route is possible. These pipes provide a connection between headspace gases
in the three tanks.
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4.2.3 Ventilation System

. Typical of most single-shell tanks, the headspace of the tank is passively vented to the
atmosphere through a HEPA filter. Unl/ke other tanks, sorbent traps are also provided to
trap noxious vapors that pass through the HEPA filter. An alternative venting arrangement,

. wherein the vent line valve on tank C-103 is closed, causes air flow through the castle pipe
(see Figure 4-I) into the head_ of tank C-102. Combined air flows from tanks C-I03
and C-102 would vent to the atmosphere through the I-IEPAfilter installed on the
atmospheric vent from tank C-102. The presence of the castle pipes that interconnect the
three tanks (C-101, -102, and -103) allows for venting of one or all of the tanks through any
one of the three filtered tank vents.

As depicted in Figure 4-1, an exhauster can be connected to the tank for purging the
headspace with air. An exhauster has been used at various times at tank C-103. Recent uses
of an exhauster and its impact on evaporation of water and organic liquid are discussed by
Claybrook and Burke (1991). Currently, the tank is passively vented to the atmosphere
through tank C-102. Potential flow paths include the cascade pipe, the filtered vent on tank
C-102, and leak paths from the _s pits to the atmosphere.

4.2.4 ThermocoupleTree

A single thermocouple tree was installed in riser R-I located approximately 1.5 m (5 ft) from
the wall of the tank in the southern quadrant. Temperatures in the tank are measurable from
an abovegroundjunction box. Readings are taken manually on a weekly basis
(Hanlon 1993). Thermocouples are located at 0.37 m (1.2 ft), 0.98 m (3.2 ft), 1.59 m
(5.2 ft), and 4.88 m (6 ft) above the centerline bottom of the tank.

4.2.$ Waste Level Measurement

Waste level is measured automatically by a so-called FIC* gauge. This gauge detects the
surface elevation by means of an electrical continuity measurement. The surface elevation is
determined by the measured length of cable that supports the detector. Manual

. measurements also may be made with the FIC gauge system. For tank C-103, the FIC gauge
readings are in inches, referenced to tank bottom at the sidewall. Waste depth referenced to
the bottom center of the tank are 0.305 m (12 in.) greater than the FIC gauge reading. An

"" air purge of 0.7 to 1.4 m3/h (25 to 50 ft3/h) is injected into the tank riser in which this
instrument if installed to minimize the condensation of water vapor within the instrument.
The instrument parge air flows into the tank headspace and is vented from the tank through
the filtered vent system.

*Food Instrument Company.
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5.0 DESCRIPTION OF WASTE AND STORAGE CONDITIONS

• The total volume of waste stored in tank C-103 is 739 n_ (195,000 gal) (Ha-don 1993). This
volume is calculated from surface level measurements that are obtained from the FIC gauge
installed in this tank (see Section 4.2.5 for gauge description). This total waste volume

" corresponds to a waste depth of 1.98 m (78.1 in.) referenced to the bottom center of the
tank. Because the center of the tank floor is I ft (0.31 m) lower than the floor near the
walls, total waste depth varies from 1.68 m (66.1 in.) to 1.98 m (78.1 in.) depending on
radial distance from the center.

Sludge depth is between 0.76 m (30 in.) (Hanlon 1993)and 1.72 m (67.5 in.) referenced to
tank centerUne bottom. The smaller depth 0.76 m (30 in.) is a value reported by Hanlon
(1993) and is based on readings obtained with a sludge level measurement device*. The
highest depth 1.72 m (67.5 in.) is based on the height of solids collected in a core sample
taken - 1.5 m (5 ft.) from the tank wall on the southern quadrant(see Appendix C for core
sample details). A core sample taken from a location - 1.5 m (5 ft) from the tank wall on
the northern quadrant indicated a sludge depth of 1.2 m (48.5 in.). These sludge level
differences suggest that the sludge/supernatantinterface is not level. Based on the difference
between total waste depth and sludge depth, the depth of supernatant liquid is calculated to
vary from approximately 0.28 m to 1.23 m (10.9 in. to 48.4 in.).

$.1 ORGANIC LIQUID

Samples of the organic liquid taken in December 1993 have been analyzed by several
procedures to evaluate flammability and exothermic reaction hazard potential.

5.1.1 Depth of Organic Liquid Layer

Visual observations and physical measurementsperformed during the December 1993 sample
retrieval exercise provide evidence that the organic liquid thickness is between 3.8 cm and
5.1 cm (1.5 in. and 2.0 in.) (Huckaby 1994b). The organic-aqueous interface level,
measured from a riser flange, was detected by means of a conductivity probe. This interface
was measured to be 33 ft 0.125 in. (10.06 m) below the riser flange. Visual observations of
sample bottle filling (air bubbles escaping during liquid filling), along with measurements of
bottle position relative to the riser flange, yielded an air-organic liquid interface position of

I

*A sludge level measurement device is a weighted plummet, suspended by a measuring
tape, that is manually lowered onto the sludge through a tank riser. The operator reports the
sludge level as the depth where the sludge weight is supported by the solids (i.e., the
measuringtapedevelops slack).
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32 ft 10.5 in. (10.02 m) below the riser flange. Given the uncertainties of these
measurements, Huckaby (1994b) provides an estimate for organic liquid depth of 1.5 to
2.0 in. (3.8 to 5.1 cm).

This estimate of organic liquid depth is significantly smaller than the depth, 10 in. to 13 in.
(25 cm to 33 cm), estimated on the basis of volumes of organic liquid thought to have been
transferredfrom tanks C-102 and C-104 (Hopkins 1992, Agnew 1993). The diminished
volume of liquid, and the apparentdepletion of more volatile components (see Section 5.1.3)
are consistent with the evaporation of organics during periods of forced ventilation of
headspace air in tank C-103.

$.1.2 Flashpoint

The flashpoint of the organic liquid was measured directly in a flashpoint apparatusand has
been computed from two sets of composition data. The three independent data sets yield
similar flashpoints.

Four samples of the organic liquid were pretreatedby contacting with granular anhydrous
calcium sulfate to remove water, and then subjected to flashpoint determination (Pool and
Bean 1994). The instrument used was Grabner Instruments*CGA-FLP Miniflash Flash
Point Tester (WD 16835), distributedby PETROLAB Corporation. The procedure followed
ASTM Setaflash Closed Cup Methodology (ASTM D 3278-90) by measuring the flashpoint
on samples that were temperatureequilibrated before introduction of an electric spark. The
flashpoint is defined as the temperature where a deflagrat/on produces a pressure pulse of
4 kPa or more.

This test unit was selected for the present purpose because it uses a small volume (2 rot) of
the organic liquid. The use of small liquid volumes was desirable because of the need to
minimize the required volume of sample and to minimize radiation exposure to operating
personnel.

As noted above, the organic liquid was contacted with anhydrous calcium sulfate to remove
dissolved water. Calculation indicated that water volatilized from the Liquidcould have
inerted the vapor phase of the test unit (vapor volume equal to liquid volume), but was
insufficient to inert the headspace air in tank C-103 (vapor volume large compared to liquid
volume). The flashpoint of anhydrous liquid is expected to be equal to or lower than for
untreated liquid which contains a measured 1.3 wt% water (Pool and Bean 1994), and
therefore is conservative from a safety standpoint.

Results of the flashpoint determinationsare summarized as follows.

*Grabner Instruments, Latham, New York.
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Table 5-1. Measured Fla_point of C-103 Organic Liquid _ool and Bean 1994).
...... IUIIITIII - -.......................... u,,,

. Temperature, °F or °C
[11 I _1 lullIlnl I Jlilll I11 / IIUIII I I I IIIn I I IIII fi II _. [ iiiilnlll

Sample No. Observed Flash, Flashpoint,
NoFlash,°e('C) .e(oc) oe(oc)

.......................................................1 24o<11) 2,5<11,:> 2,3ilxr
iii _ 11mill[I I I IIIH IIIII II IIIIII Jl I II llll [II 11F nmililn I II II [ IIII l II IIlllll III

2 245 (118) 248 (120) 247 (119)
iii II]l II III II I ii [[ 11 i]lnl III I III=11 I I I I

3 245 (118) 247 (119) 246 (119)
I i iiii ii I I _ L ( [11 Hill I II IIII1[111 I I III I II .... Ill I III I IIII

4 245 (118) 250 (121) 247 (119)
I I Ill [ I I [I I I I [11[[111III iiiiii1[i

Average 246 (118)
..... ii iiiii , ..................... H, ,,I H,, , ,,H,

The "No Flash"temperatureisthehighestequilibratedsampletemperaturewherea
flashpoint was not detected. The "Observed Flash" temperature is the lowest sample

' equilibrated temperature where a flash was detected. "Flashpoint" is the average of "No
Flash" and "Observed Flash" temperatures. The instrument, as operated for this application,
yielded a flashpoint for a certified n-dodecane standardof 185 °F which is within the ASTM

: acceptancewindowof1844-4 °Fforthisstandardsubstance(PoolandBean 1994).

rhe measuredflashpointmay becomparedtovaluescalculatedfromtwodatasetsas
describedinAppendixA. First,theflashpointspredictedfromthemeasuredorganicliquid

- componentconcentrationsfallbetween105°C and 114°C dependingon assumptionsmade.
Second,thelowestflashpointcalculatedfrommeasuredvaporconcentrationsis96 °C. All
oftheflashpoints,measuredandcalculatedarehigherthanhigherthan93.3°C (200°F),
andaccordingtoTable3-I,theliquidfitsthelowestNFPA classification,IHB.

5.1.3 Liquid Composition Measured by GCMS

Analysis of the liquid by Gas Chromatographic/Mass Spectrometry (GCMS) yielded the
following composition (Pool and Bean 1994).

llllnlll,l, I I, I I ' ' , I II I I, It ,I I I I, Im II 'II' I
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Table 5-2. Composition of Organic Liquid Sample Taken From Tank C-103
(Pool and Bean 1994).

In![ minim! IIIIIIII IIII II I J I] " IIII JllHilIIBIIIININ ......

Analyte Measured weight percent -
i ii i i iiiiil[ii ii iii i ui ......... _nliii i i ii i i i .... ii " ilfl

Dodmane • 2. S

ii__I$1 _IIIIIILJ I ] III I l IIi ............................... 01 2 + -.... +

..........................+e.2 .......... .............t,t
iiiiiii ii[liii, i ..................

Tddecane tl.4
in llllllm i I I I jill I l[ III III IH flllllll I I [ II I IIIIII I II I I I inilll I I I

Alkane-3 0.5

................................................... toAlkane-4
i i lilii_ i i ill l i i i ....

Tetradecane 6.0

..................................................................mmm-s 07
i iiii i i i TN II III III III ]I tlll I I II I I I + iiiii

Pentadecane 0.9

Dibutyl butyl...................phosphonate 119 ..........

- Tributyi+...............................................phosphate 47'2
+'........................ 73 7 +

w.

Total recovery
ii t i ml t lsl i m] t t i i

" *Branch_ chain alkanes having volatiUties intermediate between the Hsted
normal aJkanes.

...#

Basedon theaboveanalysis,themassratioof NPH to TBP is 33:67 (all alkanesincluded in
- NPH and DBBP included with TBP). This ratio shows that TBP accounts for more of the

liquid mass than does NPH. For the original mix (-70% NPH on a volume basis), the
mass ratio of NPH to TBP is calculated to be 65:35. The enrichmentof the mix in TBP is
consistent with the stripping of the more volatile alkane components during periods of forced
ventilation of the headspace of tank C-103. The measured ratio of NPH:TBP calculated
from the data of Table 5-2 (33:67) is close to a value (27:73) calculated from data reported
by Prentice (1991). Prentice (1991) analyzed a sample of the organic liquid taken in 1991.

Based on the analytical recovery of 73.7%, some 26.3 wt% of the organic liquid was not
detected in the GC/MS. While the chemical structureof thisundetected material is

unknown, the other test results (Sections 5.1.4, 5.1.5, and 5.6) provide evidence that the
unknown materialdoes not represent a safety hazard with respect to uncontrolled exothermic
chemical reactions.

t

5.1.4 Vapor Composition in Equilibrium with Liquid

A sample of the organic liquid .washeated in a closed vial to temperaturesof 40 °C, 70 +C,
and 100 °C (Pool and Bean 1994). A vapor space above the liquid was allowed to

, .... ....................... 'I i_ ,,,I , '"_ ,,,,', _ "i , _,__ , ,_,,,,_ _,,, , ,, , ,_ ,, _iUL _,',
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equilibratewith the liquid,and was thensampled. The vaporspace samplewas analyzedby
a GC/M$ instrument,with results reportedu mass concentrationsin the vapor spice.
Results for NPH-TBPcomponentsare as follows.

Table5-3. Vapor Concentrationof N'PH-TBPComponentsin Equilibriumwith Liquid
at ThreeTemperatures(Pool andBean 1994).

, ,,,,,

............................ Mau con_tratiOn (ml/L)
Component ..... ................................•c 70"c too'c

Ill IIIII mI I I I ......... :

Undecane 0.06 0.22 t.46

 ,=mo ................................ 130.32 2.4 .8
.................. I II II I III I II

Alkane-l* 0.05 0.32 2.2
I Ill III I I I I I !I[ IIII I

AJkane-2 0.08 0.62 3.6
............ [I II IIIII I III ]1T][HII I III III II IIIIIIIIII [11 II

Tridecane 0.46 4.2 18.2

Alkane-3 0.07 0.36 0.64
I IIl[I I I I I I llirl rl I II II I iiIiiiIll IIII

Tetradecane 0.22 1.2 6.4
t"

IIII [ iiiiiii [llrll I I II J i ii II tl IIIIIr| II II I I mill I II II |lllrl 10[i __

Al_e 0.03 O.ll 0.6S
q.

I I [ IIUIIl[ll iii II IIII iii I iii II II I I IIII I II]I]IL

Pentadecane 0.02 0.12 0.70
]1 . I I1 illllllllliii iiiii iiiii I I II Ill[ I II i ] I ]i

DBBP 0.0l 0.04 0.58
i I I II I I IIIIIIIII I I II i IIHIII I I IIIII II I II II II II illll [11III IIII

0.1,t O.TS s.4
- I ii IIIII I I lOll IIIII II IIII I iiiiiiiiii IIIII]1 I I I I

Total 1.46 10.37 56.66
,, , ,,,,,, , , , H, ........... , , , ,,,,, ,,

•Branched chain alkaneshavingvolatilitiesintermediatebetweenthe listed normal
alkan_

The vaporphase concentrationslisted in Table5-3 are consistentwith concentrationsbased
on independentmeasurementsandcalculations:

I. TheTable 5-3 concentrationof NPH componentsat 40 °C sum to 1.31 mg/l.
This value agree: well with the NPH concentration(1.2 :/: 0.25 mf,/L)
determinedfrom sampleswithdrawnfrom headspaceair in tankC-103
(Goheen1994) duringDecember1993, whenheadspaceair temperaturewas

" measuredto be 40 °C. Headspaceair samplingdataarepresented"-i
Section5.6.

" 2. The measuredconcentrationsagreereasonablywithvalues computedfromthe
liquidcomposition(Table5-2 values) usingRauolt'sLaw. Comparisonsof
measuredand predictedvaporconcentrationsare providedin AppendixA.

Ii,lll I IIIIIII i IIII IiII ii I I llllllli i llllll I II I I III I I II.I Illll illll]lllll III I Illll I I Ill I I I I I IIllllll lilllI ii I I I
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The agreementof vaporconcentrationsdeterminedby independentmeanssupports the
validityof the measurements,andprovidesconfidencethatNPH-TBPconcentrationsin
hmdspa_ _ canbe predictedu a flmctionof tempmtum. As describedin Section 6, the
variationin combustiblevaporconcentrationwith temperatureis importantin _g tim
flammabilityhazardposed by the organicliquid.

S.IJ Adlabatk Calo_ Tests

These testswere carriedout to quantifythe energythatcould be liberatedby
organic-pitrate/nitritereactionsin theorganicliquid. The hazardposed by
organic-nitrate/nitritereactions,as dmcribedin Section3.4.3, is significantonly if
exotherrnicrm.ctionsreleaseenoughenergyto muse theoveqnmudz_on of hmdspacoair.

tests, each using approximatelyi0 g of organicliquidfromtankC-103, were carried
out in an adiabaticcalorimeterundera nitrogmoverpressureof 2.76 MPa(400 lb/inz gauge).
The relativelyhigh gas overpressurewas used to increasethe boiling pointof the organic
liqu_,ito abovethe onset tempemtutwof orphic-nitrate/nitritereactions. Whtk the use of
the nitrogenoverpr-..ssureis notrealisticof tankpressure(I arm), the OVmlnessurewould
preventthe boil-off of volatilenitratedorganiccompoundsat low temperatures.If nitrated
organic compoundswere presentandboiled off at temperaturesbelow their rm_on onset
ternS, no exothermicrm_ons would be observedin the calorimeter. The relatively
highliquid temperaturesachievedin these tests (300 to 400 °C) arewell beyondthe reaction
onset temperaturesfor organic-nitratereactionsthatcouldpose a hazardin tankC-103.

Resultsof the three adiabaticcalorimetrytestsperformedon organicliquidsamplesretrieved
fromtankC-103 are describedin detail in AppendixB. The key resultof the tests is that
exothermicreactionscausedonly minordegreesof self-heating(< 40 °C) and generated
negligiblequantifiesof'noncondensiblegases. These resultsprovideevidencethat
organic-nitrate/nitritereactionsdo notpose a safetyhazardfor the organicliquidcurrentlyin
tankC-I03.

The absenceof significantexothermicreactionsin the organicliquid, as indicatedby
adiabaticcalorimetrytests, is consistentwith the analyzednitroalkaneconcentration.Pool
andBean (1994) analyzedthe C-I03 organicliquidfor primaryand secondaryniuonikanes
by meansof FourierTransformInfaRed(FFIR)spectroscopyand reportedconcentrationsto
be below the detectionlimitof 0.01 wt_ as NOz.

S.2 AQUEOUS _ATANT LIQUID

Duplicatesamplesof the aqueoussupenmtantliquidin tankC-103 were analyzedfor major ."
components(Edrington1991). Resultsare shown in TablesC-I and C-2 in AppendixC.
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. An independentset of analyticalresults,detmninedon samples ts_n in December, 1993
(Pooland Bean 1994)¢onoborm the compositionaldataof Eddnston (1991).

Solutesare mainlysodiumnitriteand sodiumsulfateat a pH of 9.5. The concentrationsof
nitriteandsulfate,expressedinmoles_ literamounttoapproximatelyO.TMand0.3M,

" respectively. Organic carbon concentrationIs approximately7.5 II/L. As comparedto many
HartfordSite wastes, this solutionis quite dilute, andis relativelyhighin sulfate.

S.$ SLUDGE

The siudse in tankC-103has beenclmsctedzed by analysesof two push-modecore samples
takenin 1986. Informationfrom theanalyticalreport0Hel_l and Schull i988) is presented
in AppendixC. Key resultsfromthe analysisof the two _ includethe f'oUowins.

• The dominateheat-producingnuclideis *°Sr. This analyticalfindingis in
agreementwith tankcontentsbasedon waste transferrecords(Agnew 1993).

• Total wastedepth(sludgeand supernatantliquid)estimatedfrom the two core
samples(2.0 m or 6.6 ft) agreeswell with the valuebasedon interfacelevel
measurements(2 m or 6.5 ft) reportedby Hanlon(1993).

• Total organi¢-cax_n concentrationswere measuredto be 3.9 and 2.61 _/k4 for
the two core samples. As shownin Section6.3, these concentrationsare below a
level whereorganic-nitratereactionsbecomea hazard.

$.4 _TUP.E

Temperaturesin tankC-103 are measuredweekly by manualread-outof thermocouples
locatedalonga verticalline at one locationas d_bed in Section4.2.4, and as shown
schematicallyin Figure4-1. _ on a comparisonof thermocouplepositions
(Section4.2.4) and wastedepths(Sections5. I, 5.2, and5.3), the thermocouplesappearto be
locatedin the wasteas follows:

• No. I is low in the sludge

• No. 2 is in the upperportionof the sludge

. • No. 3 is in the higherportionof the aqueoussupernatantliquid, and

• No. 4 is in headspaceair, approximatelymidwaybetween the waste surfaceand
the tankdome.

" '," I ......I"I_ ................................................... -- -Ill ill ]] i I lil I Itll I Ill' Ill Illl Itlll! II I IlJ_i illl Ill Illl II Illll IIIIL_]III II Ill Ill II Illlll II Jllll [
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i_ tempem_ntrmforthepeatthreeyetnareexhibitedinFillu-m5-1.

AsUl_tmtedbythedatatrendsofFilptm5-I,wmlmmmm rlteandfallu a resultofthe
annual chanses in abovegroundtempem_. The highesttemperaturesare in the sludge,
thermocouplesI and 2. Decay heatis dissipatedby _duction in the sludse andby a
combinationof conduction,convection,andradiationin the liquidandair _ of the tank.
Temperaturesdecreasein the upwardvertical_co u heat flows down the tem_
i_dlentintothe envlm_.

Several spurious data points, takm early in 1991, are includedon Fii_re 5-1 to illustrate
errorsin recordeddata. The spikeshownfor April20, 1991(thermoumple1 Bees from
124 oF to 133 oF and thenbackto 123 °P) is clearlyan artifact. The datasheetfor the day
indicatedthe use of "wronginstrument."The thermalinertiaof the sludgeis too large for it
to undergospike-likechanges in temperature.Whenaplzuentlyincorrectdataaxe
eliminated,thewaste tem_ respondu expectedto the annualtemperaturecycle.

Transientconductionof heatthroughsoll overburdenresultsin a phase shiftof tank
temperaturesu compared to atmospherictemperatures.Averaltetemperatures(mean
betweenseasonalpeaksandvalleys)_ in mid-JanuaryandJuneeach year. The highest
tankheadspecetemperatureoccun on approximatelyOctober15 and the lowest temperature
on approximatelyApril 15. Them phase shifts arepotentiallyimportantin causingfog
dropletsto formin h_ airduringa partof the temperaturecycle.

$.$ SURFACE LEVEL

Surfacelevel readingsfor a 6-yearperiod for tankC-I03 arepresentedin Figure5-2.
Commentsthathelp identifythe significanceof the surfacelevel measurementsareas
follows.

• The level has declinedslowly, approximately0.9 in. over the last 6 years. This
decline is consistentwith the loss rateexpectedfor evaporation(Claybrookand
Burke1991).

• The absenceof periodicincreasesandde.'eases in level is evidencethat
tankC-103does not experienceepisodicsas rel_ similartO tho_ experienced
in tankson the FlammableGas WatchList.

• l_g of the headspacewithatmosphericair leads to a discemaL:eloweringof
waste level by evaporation. This is evidencedby the observabledmv _nlevelin
the fourthquarterof 1989, a periodwhena portableexlmusterwas used to
ventilatethe headslm_ of tankC-103.

5-8

,,,, , , ii I IIIII II [ I IIIM





m • °

i !

• s J

IIII



WHC-SD-WM-SAI_-O01 I_V. 0

..... ,nml I iiii IIIIIlllll|I IIIIII III II I IIIII IIIIii! -- III . [I I I II II IIi I II I III Jlllll -I III III I]] ZJ I[11 I] IIII III I III III I II III III IIII I I

• The indicated increase in level in the first quarter of 1991 reflects the addition of
approximately 4. I m3 (i080 gal) of water to the tank. The water was used to

- pressure test waste transfer pipes connected to tank C-103.

• The level has remained essentially constant during the latter part of calendar
year 1993. The reduced evaporation rate is attributableto the sealing of pit
cover leak paths on April I I, 1993.

5.6 COMBUSTIBLE SPECIES IN HEAl)SPACE AIR

Combustible species in headspace air in tank C-103 could be produced by three mechanisms:

I. Radiolytic and chemical degradationof hydrocarbons and water
2. Formation of aerosols of organic materials
3. Evaporation of organic liquid.

Each of these mechanisms is expected to result in an equilibrium concentration in headspace
air that would change only slowly with time. This relative constancy with time is in contrast
with tanks on the Flammable Gas Watch List of the Hanford Site (Hanlon 1993) in which
episodic rel_ of trappedgu may occur. The absence of significant episodic gas rel_
is evidenced by the following empirical observations.

• The waste surface level does not undergo periodic slow increases followed by
rapiddecreases that characterize tanks that undergo episodic gas releases (see
Figure 5-2).

• There is no evidence that periodic temperature inversions in the waste take place
(see Figure 5-I). Temperature inversions are associated with waste "roll-over"
in tank 101-SY, which is known for its episodic gas releases (Leach and
Stahl 1993b).

Based on these observations, it is concluded thatheadspace flammability can be evaluated
from representative samples taken under quasi-equilibrium conditions, and that episodic gas
releases are unimportant for this tank.

.b

$.6.1 Combustible Gases

• Combustible gu concentrations have been measured in headspace air by several sampling
and analytical procedures (Huckaby 1994a, 1994c, Goheen 1994).
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COMBUSTIBLE GAS METER

A combustible gas meter (CGM),* calibrated with pentane before and after use, yielded
readings of 4_ to 7% of the LFL when an inlet tube drew air from the upper part of the
tank head_ (Huckaby 1994a). A major part of this reading may be attributedto
hydrogen. Based on a hydrogen concentrationof 2 % of the LFL (from measurements
described later in this section) and a meter response factor of 2 for hydrogen (response
factors provided by the manufacturerof the CGM), a CGM reading of 4% LFL is
attributable to hydrogen. The additional 3% LFL (7% - 4 %) may be attributed to the other
combustible gases present in sampled air.

NORMAL PARAFFIN HYDROCARBONS AND TRIBUTYL PHOSPHATE

The concentration of NPH and TBP in headspace air was determined from samples taken
within the headspace, approximately 0.92 m (3 ft) above the waste surface (Huckaby 1994a,
Goheen 1994). Both vapor and aerosol (if any) were collected on a filtered adsorber bed

. sampler, called Occupational Safety and Health Administration (OSHA) versatile sampler
(OVS for short). The organic material collected on the OVS was desorbed using carbon

: disulfide, and quantitatively analyzed using a gas chromatographic/mass spectrometer
(GCMS) device. The validityof this sampling and analytical method is supported in a
laboratory study at PNL (Ligotke 1993).

Mass concentrations of normal alkanes determined by the above described for samples taken
in December 1993 are summarized in Table 5-4...

Table 5-4. NPH Concentrations Measured in OVS traps from Tank 241-C-103
(From Huckaby 1994a).

................. TotalNPH

Sample number N-Citric, mg/L N-CnHa mg/Li N-Cl)Ha rag/Z, N-CI4H3emf,/L N-CI_I'In mg/L mg/L

ovs 1 ...._:0.07 0.30_ 0.429 o.mo ' ' _:d.07 0.s35 "
ovs 2 <0.07 o.is') 0.43s o.oss <0.07 o.so'/....

t i m, i lu II I I

OVS 3 < 0.07 0.047 0.336 6.0'76 < 0.07 0.659

ovs ,, <0.02 0.27s 0.401..... 0.103 ' <0.02 0.7S2
OVS 5 <0.02 0.235 0.358 0.099 <0.02 0.692

OV$ 6 <0.02 0.215 0.349 0.058 <0.02 0.622

OVS $ < (}.003 0.411 0.527 0.129 < 0.003 1.067 .....

OV$ 9 <0.003 0.3_ 0.574 0.158 < (}.003 1.115 "

ovs 1o <6.oo3 o.s_ ' O_'s'/$ 0.14o <0.oo3 x.od'/""
It

*Model TMX-410, IndustrialScientific Co., Oakdale, PA, 15071.

i ill i il ii i i i iii i lid il
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Based on a study of uncertainties, Goh_,n (1994) r_ommends that OVS samples 8, 9, and
I0 be used to quantify NPH concentrations. Total NPH concentrations and other particulars
are presented in Table 5-5.

Table 5-5. Total NPH Mass Concentration in OVS Samples From C-I03 (Goheen 1994).

Sample Actual sample Total NPH mass NPH concenttaavn Uncertaintyvolume (L) (ms) (mg/L) (rag/L)

ovs8 "4.40 4.69  .07 0.22
OVS 9 ..... 4.41 4'9i ......... i.li 0.23

OVS 10 .... 4.41 ....4.71 i.07 0.22

Based on the three samples described in Table 5-5, the NPH concentration in the vapor space
of C-103 is 1.08 + 0.23 mg/L.

Compounds other than NPH analytes were indicated in the OVS sample GC/MS
chromatograms. Except for TBP, these compounds were not quantified. An initial screening
of the spectra indicated that the compounds were branched alkanes (Goheen 1994). The
NPH compounds listed in Table 5-4 constituted about 90% of the portion of the material
present on the OVS that can be detected by GC/MS (Goheen 1994). An estimate of total
alkanes can be obtained by multiplying the concentrations in Table 5-5 by a factor of 1.1.

TBP was detected in low concentrations. Its concentrations were estimated by Goheen
(1994) to be approximately 45 mg/m3 or 4.3 ppm by volume.

The estimated total concentration of NPH of 1.2 mg/L 4- 0.25 mg/L (Table 5-5 values
increasedby 10%)amountsto2.6% ± 0.5% oftheLFL of47 mg/L (Huckabyand
Estey1992).Thisconcentrationrepresentsvaporsandaerosolparticlesintotal.Itis
evident from these results that the constituents of NPH have too low a vapor pressure to
constitutea flammabilityhazardintankC-103undercurrentconditions.Thisfinding
supportsa conclusioninanearlierstudyofC-I03safety(BorsheimandKirch1991).

HYDROGEN, CARBON MONOXIDE, AND METHANE

• The concentrationsofH2,CO, andCH4 inheadspaceairintankC-103havebeendetermined
fromsamplestakeninJanuary1994(Huckaby1994c).A heatedsamplingprobewas usedto
withdraw headspace air intoevacuatedstainlesssteelcontainers. The canisterswere shippedI

. to several independent laboratories where the gas samples were analyzed for combustible
constituents. Key results, for H2, CO, and CH4 are listed in Table 5-6.

, ,i i,,, ,, ,m,
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Table 5-6. Concentrations of I-I2,CO, and CI-I4Measured in Headspace
Air in January 1994 (Huckaby 19944:).

Component Concentration, PPMV Std. deviatio_
' ii iii ii i i ii iiiIll| I I I II II

H, 805 18
i iii i ii

CO 23.9 0.9

ca, .......  5.9 ' 0.5

The data of Table 5-6 indicate that hydrogen is the dominant specie, amounting to 0.08 % on
a volumetric basis. This hydrogen concentration represents (0.08/4) x 100 or 2% of the LFL
for hydrogen. CO and CH, concentrations, expressed as percent of LFL, amount to 0.02
and 0.03% respectively.

AlVIMONIA

The concentration of ammonia (NH3) in headspace air in tank C-103 was determined from
samples taken in January 1994 (Huckaby 1994a). Ammonia was collected on sorbent tubes
and analyzed using an ion selective electrode. Three liters of air, withdrawn through a
heated sampling probe, was passed through each ammonia sorbent tube.

Results for samples collected on three days in January 1994 are listed in Table 5-7.

Table 5-7. Ammonia in Tank C-103 Headspace air in
January 1994 (I-Iuckaby19944:).

Day NI-I3collected, Concentration, ppmvmicro moles

' 1 ..... 34 ..... 291
i i , J

2 55 471
iii ii ii i| i

3 40 342

Average 368
.....

The average of the three measurements, 368 ppmv, is 46% of the average hydrogen .: -
concentration (see Table 5-6). Since the LFL of ammonia is 15% by volume (Lewis and
Von Elbe 1987) the highest measured concentration, 471 ppmv, represents only
(0.0471/15) x 100 = 0.3% of the LFL. This is small compared to the 2% of LFL
representedby the average hydrogen concentration.

, ,,,,,, ii I i IM ii i i ' i "
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, TOTAL NON-METHANE HYDROCARBONS

. The contentsofthestainlesssteelcanistersreferredtoearlierwereanalyzedfortotal
non-methanehydrocarbons(Huckaby1994c).Resultsofanalysisof18samples,yieldedthe
followingresult:

Average =, 2.3 g/m 3

Std.deviation - 0.40g/m3.

Thisvalue,2.3g/m3,may becomparedtomeasuredconcentrationsoforganicvaporsin
equilibriumwiththeliquid,1.46g/m3(Table5-3),andmeasuredNPH concentrationsintank
headspaceair,1.2g/m3(Table5-5valuesincreasedby 10_). Itisapparentfromthis
comparisonthatNPH/TBP vaporsmake upa majorfractionoftotalorganicvapors.

Because_nanyhydrocarbonshavesimilarLFL valueswhenexpressedintermsofmass
concentration(Zabetakis1965),thecontributionoforganicgasestoLFL may beestimated
onthebasisofanLFL of47g/m3,anaveragevalueforNPH constituents(Huckabyand

- Estey 1992). The contribution of organics to the LFL is estimated to be:

(2.3/47) x 100 ffi 4.9% LFL

ORGANIC AEROSOLS

Visualobservationmadeduringa December1993samplingshowedthatnovisibleaerosol
waspresentinthebulkofheadspaceair(Huckaby1994).Basedon a correlationofvisual
range vs aerosol concentration (HiUiardet al. 1979) and the observation that visual range was
much greater than 10.1 m (33 ft) an aerosol concentrationof much less than 0.3 mg/L is
indicated.

The concentrations of NPH exhibited in Table 5-5 is the sum aerosol and vapor mass.
A major fraction of measured concentration, approximately 1.2 mg/L, is attributableto

• vapor, with little, if any, contribution from aerosols.

As discussedinSection6.0ofthisreport,anaerosolhasbeenobservedintankC-103inthe
past. Because temperatures in the tank undergo seasonal cycles, it is possible that aerosols

• could form in the future. The maximum concentration, predicted on the basis of a technical
analysis (Section 6.0), is small (less than 1 .%)compared to the LFL of 47 mg/L.

i i
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6.0 PHENOMENO_GY OF IDENTW_ HAZARDS

c

The technical discussions described in this section were formulated to help answer the
following questions.

1. What consequences could result from the hazard?

2. What conditions and parametersgovern postulated accident behavior?

3. Under what conditions could a risk-significant accident actually occur?

4. What information is needed to quantitatively assess the identified hazard?

6.1 DEFLAGRATION IN HE, SPACE AIR

The accident scenario for this hazardinvolves the formation of a flammable mixture in
headspace air with assumed subsequent ignition. A combustion wave is then assumed to
propagateat subsonic velocities through the air-fuel mixture, raising its temperature and
pressure. The increased pressure represents a threat to tank structural integrity and could
cause uncontrolled venting of headspace gases to the atmosphere.

6.1.1 Internal Pressures Generated by a Postulated
Hypothetical Headspace Deflagratlon

To put this hazard into perspective, a hypothetical deflagration in headspace air was
analyzed. The fuel loading was parametrically varied from the LFL to the stoichiometric
concentration (where all oxygen is consumed). For simplicity, the fuel was assumed to be
n-dodecane (CnH2_). This hydrocarbon species is a majorcomponent of fresh NPH
(Beary 1970). Because the specific enthalpyof reaction is similar for all of the normal
alkanes in NPH, results of the deflagration pressure calculations are insensitive to assumed
composition.

For an adiabatic constant volume combustion process, no work is done so the change in
internal energy of combusted gases is equal to the heat of combustion. Equating the changes

" in internal energy (Hougen et al. 1954):

• t,

AEo = - I n,C,dT (6-1)I

i, ill i ii ill ii i i ii L i ,lll , i i i IIIIIIL is ill 11
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where:

- Combustionenergy, J/mole
nt - Number of moles of product specie i

C_ - Heat capacity at constant volume of specie i,//mole °K
TI - Initial temperature, °K
T2 - Final temperature, °K
T = Temperatureof burned gas, °K.

The swichiometry of the combustion process was based on reactions to form water and
carbon dioxide:

i

c,tt (g) + ts.5 o2{g)- 12co2{s)+ 13I O(t). {6-2)

The change in en_alpy for this reaction is given by Lewis and Von Elbe (1987) as

z_-I_n - - 1944.4 Kcal/g-mole CnH_

for liquid water as a product. For our case, water will be a gas, so the enthalpy of
vaporization must be added. The change in enthalpy for water evaporation is given by Lewis
and Von EIbe (1987) as:

_,I_ = 10.503Kcallg-moleH20.

The change in enthalpy for reaction (6-2) is thus:

zXI-I_= - 1944.4+(13)(10.503)= - 1807.9 Kcal/mole.
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Finally, _ can be calculated from the relationshipbetween en.thalpy and internal energy for
an ideal gas (Daniels and Alberty 1955):

- :umT (6--3)
e

where:

AP. = Change in internal energy
AI-I - Change in enthalpy
An I, Change in gas moles
R ,,. Gu constant
T = Absolute temperature.

Substituting numerical values in Equation (6-3)

A_. • -1,807,900 - (5.5)(1.987)(298)

AEa - -1,811,156 cal/g mole Ct2I-I2s'

Thisenergy ofcombustionamountsto3.26E+06 Btu/Ibmole.

The LFL for n-dodecane is given by Zabetakis (1965) as 0.60% by volume. $toichiometry
calculations based on Equation (6-2) indicate that a reaction at the LFL would consume 55%
of initial oxygen present. An initial fuel loading of 1.034% by volume would react with
100% of oxygen present and thus represents the most energetic reaction possible. The
quantities of dodecane required for the LFL and stoichiometric burn in C-103 are calculated
to be 100 kg (220 lb) and 190 kg (415 lb), respectively. Translated to thickness of liquid in
the floating layer, these quantities correspond to depths of 0.3 mm (0.012 in.) and 0.6 mm
(0.022 in.), respectively. Only a small partof the organic inventory could be combusted by
oxygen available in headspace air.

• ResultsofcalculationsbasedonEquations(6-I),(6-2),and(6--3)areportrayedinFigure6.1
_,here internal gas pressure is plotted as a function of initial fuel loading. The data of
Figure 6-1 shows the calculated pressures vary from 530 kPa gauge (77 lb/in 2)at the LFL to

" 820 KPa gauge (119 lb/in_) at the stoichiometric limit. All calculated pressures from
combusting burnable mixtures exceed tank structural cat,abilities.

' , .......... ,, ' ,, ' - , ' ,, ' 'I,', ...... ,i,:............. ,,, -...........

6-3



WHC-SD-WM-$ARR-00iREV. 0

,, ,,,,, ,, ............

Threefactorspreventidealpressuresfromactuallybeingachieved:

1. Incompletecombustion
2. Heat transfer from the gas to su_
3. ¢3u leakage.

Theimportanceof th_ threefactorswasexploredby developingsimplemathematical
models whichcould be usedto estimatethe reductionin peakpressuredue to each of them.
In all cases analyzed,it was assumedthatfuel (dodecane)was mixed uniformlyin the entire
headspaceairvolume. Conclusionsreachedfrom the simpleanalysisperformedareas
follows•

I. Peak burnpressurescalculatedwhen the mitigatingfactors were accountedfor
weresignificantlyless thanideal for cases wherethe fuel concentrationwu close
to the LFL.

2. The combinedeffect of the threemitigatingfactorsis too small to provide
assurancethatanyglobal burn,for fuel concentrationshigher than the LFL,
would not result in pressureshigher thanthe tankcould safely withstand.

3. The deflagrationhazard,if ignitionis assumed,can be avoidedonly by ensuring
thatfuel concentrationsin headspaceairremainbelow the LFL.

6.1.2 Generationand Buildup of Combustible
Species in Headspace Air

The concentrationof combustiblespecies in headspaceaircan vary with time• At any point
in time the concentrationof combustiblespecies is determinedby a combinationof the
followingwastepropertiesand tankoperatingparameters:

• Headspaceventilationrate
• Ventingpathway(directlyto atmosphereversusventingthroughother tanks)
• Rateof generationof radiolyticgases (mainlyHz)
• Temperatureof orgaIficliquid
• Compositionof organicliquid
• Time measuredfrom Iut changein vent rate or flow path.

In this sectionthe temporalvariationin combustiblespecies, in responseto possible changt",
in ventilationflow rates, pathwayconfigurations,and temperature, are analyzed. The --
objectiveis to providea technicalbasis for operationalcontrolsthat are necessaryto prevent
combustiblegases fromexceeding25 % of the LFL.

•=,.= ,,,. , ,,,, , ,, ,.,.., , . ,
r ,, , ,
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Fisure 6-I. Calculated Pressure for an Adiabatic
ConstantVolumeBurn of Dodecanein Air.

m

• 1_ IIIIII_IIIWIII]]Illl11 II II .... II I I I f II [ll llll

lnltielPressure= 14.11pela
. InitialTemperMure= 107"F

InltlmlWaterVaporPrMeure=O.Mpela(RelldlveHumidity={0%)

1=0--

110 --

t

'{ 100 -
!

gO_

80--

70--

Lower Stolchlometric
Flammbillty Limit• Total

Limit 03Consumption.*_lkt
CO- l I

I I
'. I I

I I

so ! ....... I I I ....I I
O.S 0.6 0.7 0.8 0.9 1.0 1.1

Concentration of Oodeoane - Mole Percent
• 1-19304016.4
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6.1A.1 l_tllol_le SIN_Jm. Radiolysis canbe expectedto muse both _lymerization of
hydrocarbonsandfr__taflonwiththelossofHi_tmoleculestothegasphase
(Oerb_a al,I_2).P.ldlolysisalsoII_ hydmllenbydecomposingwater._ile
stud_ofradioi_hydmpn llenmfloninwastetankshave indicatedthatpassive

, ventilationis sufficiemttomainlginthehydrolenconcentrationwellbelowtheflammable
limit (BorshGdmand g.itch 1991), no _luivalent studyhas been made for light organic
molL'_. Otven timcomplexityof radiolysis(G_er el a/, 1992), it _ thata realistic
hazardsanalyseswill havetobebasedonempiricalmeasurementsof flammableSu
constituentsin tankC-103.

A one-tinw meuurenumtof gu phamcon_trations mustbe interpretedin a way that
accountsfor the ventilationflow ratehistory,as discussedbelow.

The head_ of tanksC-101, C-102, and C-103 arep_fly (March1994) conn_
togetheras shownschematicallyin Figure6-2. Sevexa/hypotheticalcases will be analyzed
to illustratehow the concentrationof speciesproducedby first order reactionkineticswou!d
be expectedto vary with time.

First considerthe case of tankC-t03 isolatedfromothertanks,and with head_:e p'Jrgins
limited to passivebreathingthroughthe filter/trappingsystem. A sourceterm,$3, mmsur_
in moles/day, is assumedto produceflammablespecies at a constantrate. A liquid layeris
assumedto be pre#_t and in equilibriumwith the gas phase. A differentia/equationmay be
writtenby meansof a materialbalanceon thegas phase.

InputRate - OutputRate + AccumulationRate

S_- Q_C_.,._(C_(V,.,.I-IV,)) (6_)

where:

S_= Radiolyticproductionrate, moles/day
Q_ = ventilation rate, m3/day
C_ = Concentrationof flammablespecies, mole_/m3

t = Time, days
V, = Volumeof gas space, m_
H = Henry's law coefficient,dimensionless

V_ = Volumeof liquid, m_.

. i iiii i ! IHI i i ii i iiiii ii i l llllj i iiiii iiiiii i ii ii _ iii iii i
, ii l ,i ,i,, i Ii 1, i _ i H ,, , i i ,, ,, ,,,i
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Figure6.2. SchematicDiagramof HeadspaceVentilation
for TanksC-i0I, C-i02, and C-103.

• HEPA Pt#Ws

/
/

/ C-101 C-103 C-103 HeaOtOM.I

Equation (6-4) can be solved easily in closed form if the source rateS3, the volumesV, and
V,. ventilationrate Q,, and Henry'slaw coefficientare takenas constants. The result, for
an initial concentrationof zero, is

s, %
c,- -exp-.vt) (6.5)

where:

V=V, + HV, = effective volumeof gas.

For long times, C_asymptoticallyapproachesthe value S,/Q,, whichis the source rate
dividedby the ventilationrate. This inversedependencyon ventilationrate is importantin

. interpretingconcentrationsmeasuredat one point in time. A change in ventilationrate by a
factorof 10 would change the asymptoticconcentrationalso by a factorof 10.

The time requiredto achieve90% of the maximumconcentrationchangemay be derived
from Equation(6.5) by solving for time when C3 = 0.9 S3/Q,. The result is

II II
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= 2.3 (V' . HVt)I (6-6)
Q3 "

Note that tw would be approximately the same for all species where H was mailer than
approximately 10. For largervalues of H (highly soluble species) buildup of solute in the
liquid phase would delay the approach of equilibrium. Therefore, changes in equilibrium
concentrations caused by changes in ventilation rate would occur most rapidly for slightly
soluble species, typified by hydrogen.

Equation (6-6) also applies for cases where the initial (t=0) concentration is not zero, but a
finite value, Co. For Co > 0, tw is the time required for concentration to reach 9_3%of the
change between Co and the maximum C. For example, if Co - 0.5 units and Cm = 1 unit,
the time to achieve 90% of the change [(I-0.5)(0.90) = 0.45 units, i.e., a concentration of
0.5 + 0.45 - 0.95 units] is correctly predicted by Equation (6-6).

The numerical value of Q3, the ventilation flow rate, can be estimated for several cases. For
cases where the driving force for ventilation is the result of changes in atmospheric pressure,
the daily variation amounts to approximately 0.45 %. This value represents a yearly average
based on hourly atmospheric pressure readings made at the Hanford Weather Station
(Crippen 1993). The average daily volume exchange for tank C-103 is

Q3 " 0.0045 m3
(day) x 2,550 - 11.5 m3/day

or 0.48 m3/h. The rateof radiolytic gas generation, which adds to ventilation rate,has been
neglected because its contribution is typically less than 1% for c_ses where the combustible
species concentrations are less than 25 % of the L_-.

Using this ventilation rate, the value of _ for slightly soluble species (V, > > HVt) is, from
Equation(6-6).

tw = 2.3(2,550) - 511 days11.5

Thus, based on this ventilation rate,roughly 1.4 years would be required to accomplish 90%
of a change in equilibrium concentrations if instrument purge air flow was terminatedat time
zero, and if ventilation flow was driven entirely by atmospheric pressure changes.

i i i i
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Another source of ventilation air is purge air used in FIC level measuringgauges, Tank
farm data sheets indicate that purge rat_ of 50 f_/h (1.4 mS/h)are used in tank C-I03 and

• C-102. No purge air is used in tank C-101 because C-101 is not equipped with a F[C gauge
that requires an air purge. This flow rate is larger than the average cause_ by atmospheric
pressure fluctuations and would have to be considered in interpreting one-time measurements

. of combustible gas species produced by first order kinetics. The value of _, as defined in
Equation (6-6), is inversely proportional to (_. Adding ventilation rates due to atmospheric
pre_ure fluctuations and purge air (0.48 mS/h 4- 1.4 mS/h)(24 h/day) m 45 mS/day the value
of _ is calculated to be 130 days.

Buoyancy-induced air flows throughleak paths and filtered vents can also cause headspace
air ventilation. Claybrook and Burke (1991) analyzed naturally convected air flows in
tanks C-I03, -102, and -101 and estimated the average outflow from tank C-I03 to be
0.007 Ib/sec. Conver'_ to volumetric flow rate, this mass flow rate amounts to 250 mS/day.
This flow rate is significantly higher than flows caused by instrument purge air and breathing
inresponseto atmosphericpressurefluctuations.Whilethisconvectiveflowratewouldnot
be applicable under present conditions (the vent valve is closed and obvious leak paths have
been sealed), it is referenced here to note that actual ventilation rates may be higher than
computed from atmospheric breafldng and instrument purge air alone.

Another case of interest involves the hookup of the three tanks in series as depicted in
Figure 6-2. Vent valves on tanks C-101 and C-103 are currently closed, and the vent valve
for tank C- 102 is open. Tanks C- I01 and C- 103 are ventilated through tank C- 102.
Instrumentair (1.4 mS/h) continuously purges the housing of the automatic level gauge and
enters the head_ air of tanks C-103 and C-102. For this case, three simultaneous
differential equations [similar to F.quation(6-4)] may be written to describe the concentration
of an airborne specie produced at a constant rate by radiolysis. These equations are not
easily solvable in closed form but can be numerically solved. Results of one case in which
sorption by liquids was neglected (VtH < < V_) are listed in Table 6- I.

Table 6-I. Predicted Buildup of Radiolytic Species in Tanks C-101, C-I02', and C-I03 °.
.......... No_ Concen_o- t'

Time, days ....... T_ C.i01 " T_ C.i02 " ' 'F_ C-103

..... I .......................... 0.01 0.02 0.02

.....1o.......... o.o........... oi]6" ' 0.17
' 100 ' 0.66 ......... 0.64 ' 0.94 '"

H , H ,, ,, , , ,,,,,,,, , , , , .....

• 150 0.94 0.73 1.0S

see t'.gs............ r ..... t.zs
tO00 2.28 0.95 1.24

'Instrumentair purge flow rateof 1.4 mJ/h. ................
bP,atio of'concentrationto steady stateconcentrationbased on direct venting of tank C-103 to the atmosphere.

i ii ii..... ii Sl l ii i ibm i ii llll i i is llll _ s I I l II I III I I l llll ,,, , ,,,, ,,,m II
i ll,ll i
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The following conclusions may be drawn from the calculated results presented in Table 6-1.

• Thetimerequl to reach9O%of thesteadystateconcentration in tank C-103 is
- 150 days.

• The steady-state concentration reached in tank C-103 is 1.24 times larger than
would be the case if tank C-103 were vented directly to the atmosphere (see
footnote b of Table 6-1).

• The steady-state concentration reached in tank C-101 is 1.85 times the value that
appliesto tank C-I03.

Table6.1resultsapplyfora caseinwhichsourceratesS_,S_,andS_wereassignedvalues
inproportiontodecayheatloadsineachtank.Basedon averageheadspacegas
tem_, decay heat loads for the three tanks were calculated using the method described
by Crowe (et al 1993). Heat loads, and consequently radiolyti¢ source rates expressed as
ratios referenced to tank C-I03 were estimated to be 0.40, 0.72, and 1.0 for tanks C-101,

- C-102,andC-I03,re_vely. NotethattankC-101iscalculatedtohaveanequilibrium
concentrationlevelhigherthantankC-103.Thishigherconcentrationispredictedbecause

• theventilationrotefortankC-101islower(atmosphericbreathingonly)thanfortheother
two tanks.BasedonrecentmeasurementsintankC-I03(hydrogenconcentration
= 2% LFL),thehydrogenconcentrationintankC-101isprojectedtobelessthan4% LFL.

A secondthree-tankhookupcasewasanalyzedtoillustratehow steady-stateconcentrationsin
tankC-103couldbeaffectedby ventvalvesettings.Forthiscase,itwasassumedthatvent
valveswereclosedon tanksC-102andC-103andthattheventvalveontankC-I01was

open.The steady-stateconcentrationintankC-I03(foraninstrumentairpurgeflowroteof
1.4mS/hintanksC-I03andC-I02)was computedtobe 1.65timeshigherthanwouldhave
been the case if tank C-103 had been vented directly to the atmosphere. For this case, the
concentration in tank C-101 decreases to a fraction of the C-103 value.

The transient buildup in concentration that could occur if the air purge were inadvertently
terminated was analyzed for the case where source terms were assigned to each tank in
proportion to the decay heat load, and where the time zero concentration corresponded to
equilibrium for purge rates of 1.4 m3/h (50 fP/h) in tanks C-102 and C-103, and zero purge
in tank C-101. Results are shown in Table 6-2.

i i illll i ill ii i i
iiii i i i i | i
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Table 6-2. Predicted Buildup of Radiolytic Species in Tanks C-101, C-I02, and C-I03
Following Assumed Termination of Purge Air.

i iiii * i iiii

Normalized concentration"
" Time, days , , ,mill,

Tank C-101 Tank C-I02 Tank C-I03

. 0 1.85 0:77 1.00

20 ' 1.86 0.94 ' 1.26 '"
IIIi I I I I I I II

40 1.88 1.06 1.52

60 1.91 1.15 1.76

' 80 ........ 1.94 1122 1.98

100 1.98 1.28 2.19

200 . 2.18 1.52 3.07
,, i HI ,

1000 3.25 2.28 5.31

Equil 3.49 2.40 5.59
.......

"Ratioof concentration to initial steady-state concentration in tank C-103.

Two importantconclusions that may be drawn from the data of Table 6-2 are:

• Termination of purge air could cause radiolytic species to increase in
concentration in tank C-103 by a factor of -5.6.

• The buildup rate if quite slow. A doubling of the concentration of radiolytic
species in tank C-103 (the tank predicted to be most affected by purge-air
termination) would require approximately 80 days.

The following conclusions summarize the findings related to the flammable gas species which
enter headspace air at a constant rate.

,p

1. The time required to reach steady state concentrations of flammable species
produced at a constant rate is hundredsof days. Thus the interpretation of
sample data should account for recent changes in ventilation flow rates and

, pathways.

2. Vent_g of tank C-103 through other tanks (C-1O2and/or C-1Ol) causes steady
. state concentrations of combustible species (of radiolytic origin) to be higher than

they would be if tank C-103 were vented directly to the atmosphere. The effect
is not important for FIC purge rates currently used in tank C-I02 and C-103.

6-11
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3. Termination of purge-air flow could cause the concentration of radiolytic gases to
increase, but the buildup _ plae_ slowly.

6.1.2.2 VolatUIzation of Orpnk Liquid. Organic liquidsin contactwith head_ air
exert a vapor pressure and _ vapor would add to flammable species produced by other
mechanisms. For a specific volatile liquid specie, the equilibriumconcentration in the gu
may be related to its mole fraction in the liquid using Henry's law:

c - I_X (6-7)

where:

C = Vapor concentration, mole/ms,
H - Henry's law coefficient, moles/ms mole fraction,
X = Mole fraction of specie in liquid.

At the surface, the rate of evaporation may be expressed as the product:

Evap. Rate - kA(Cl - CO (6-8)

" where:

k = Mass transfer coefficient, m/h,
A = Interracialarea, m2,

Ct -Conc. at surface, moles/ms,
Cb -- Bulk conc. in gas, moles/ms.

The variation of concentration in headspace gas with time was modeled using Equation (6-8)
to quantify the source term. Two hypothetical cases were considered: tank C-I03 vented
directly to the atmosphere, and tanks C-103 and C-I01 vented to tank C-I02, with
tank C-102 vented to the atmosphere (the current arrangement). Using a derivation
procedure similar to the one described for Equation (6-5), the variation of concentration with
time, for the first case, is derived to be:

_.c = t a a[t -exp-{Q,,*bt)t] (6-9)'c, 0+t v

i, , , ,, ii , , i|
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where:

• C = Concentrationof component in bulk gas, moleYm3
Ct - Concentration of component at interface, moleYm3
Q =, Ventilation flow rate, m3/h

" V = Volume of headspace, m3
t - Time from when C - 0, h.

Key assumptions inherent in Equation (6-9) are the following.

• The bulk gas contained no volatile material (C = 0) at time = 0.
• C,, k, A, and Q are constants.
• Bulk gas is well mixed.

Inspection of Equation (6-9) shows that for long times, C/_ approaches the ratio
kA/(Q + kA) as a maximum value. The time required to reach 90% of this value is given
by:

tm = 2.3 V/(Q + kA). (6-I0)

To quantify tm= for tank C-103, a value of k was estimated for n-tetradecane to be 1.9 m/h
(6.2 ft/h) using the Chilton-Colburn analogy (Sherwood et al. 1975). Thus from
Equation(6-I0)

',o" ...... . 75h.
m 3•._. + 1.9 m m2

(1.4 +o.48) k _ x 4xt

This time is short compared to the value estimated for radiolytica£1yproduced species
• (- 150 days) and indicates that flammable constituents formed by evaporation from the liquid

would quickly come to equilibrium.

A second case, in which tanks C-101 and C-103 are vented tl_-ov_ tank C-102, wasq

analyzed by numerically solving the three simultaneous differential equations that describe
the buildup in airtx,.ne concentration with time. Results from this analysis are described as
follows:

• The concentration of _aporable species in headspace air in tank C-103 increased
from 0 (assumed concentration at time O) to 90_ of the equilibrium
concentration in 7.5 hr.

. i i,i iii i iii i |1 i iii i iiiiii i i
,i ,,,...,, , iI iII i | ii. i i i i i ii

6-13



WHC-SD-WM-SARR-001 REV. 0

i iiiiii i i ii
i iiii iii i

• The concentration of the evaporable species in headspace air in tank C-103
increased to greater than 99_ of equilibrium (saturation) concentration within a
few days.

• The concentration of the evaporable species in headspace air in tanks C-101 and
C-102 requiredhundreds of days to reach a maximum. The maximum
concentration reached in these two tanks varied from 26% (0 instrument air flow
rate) to 40% (1.4 m3/h instrument air flow rate into tanks C-103 and C-102) of
the equilibrium concentration in tank C-103 headspace air.

The most important conclusion from this evaluation of the transient buildup of evaporable
species is that volatile species of organics in the liquid will be present in the air in
tank C-103 in concentrations close to the equilibrium level at aU times. An exception would
be for times when forced ventilation at relatively high flow rates was imposed. The forced
ventilation case wa_ not anaLyzed.

6.1.2.3 Flammable Aerosols. As discussed in Section 5.6.1, no visible aerosol was present
in the bulk headspace air volume during a December 1993 sampling event. This observation
isincontrasttoearlierreports(Carothers1993,HuckabyandEstey1992)inwhicha fog
hadbeenobserved.As notedinSection5.4,headspaceairtemperaturesundergoseasonal
oscillations that may affect fog formation during part of the temperature cycle.

The earlier reports of fog have prompted speculation that organic and water vapors,
volatilized from the organic liquid, could condense within the headspace, forming an aerosol
which would represent a combustible specie. Attempts to explain the results of air samples
now believed to be invalid (Huckaby 1994a), prompted Trent (1990) to postulate that an
aerosol composed of NPH was the main contributor to combustible species in headspace air.
An analysis of aerosol formation by condensation of vapors is presented in this report
section.

Finely divided combustible materials in solid or liquid form can, under restrictive conditions,
support a combustion wave. In general, high concentrations (by aerosol standards) of
combustible materials in a finely divided (< 10 _m) state must be present.

For the present problem, work described by Zabetakis (1965) is germane. References cited
by Zabetakis indicate that for fine mists (particle sizes below 10 microns) the combustible
concentration at the lower limit is about the same as that in uniform vapor-air mixtures. In
some cases, for larger drops and upward flame propagation, the lower limit a_ to
decrease due to drops failing toward the flame front. Data for kerosene (similar to NPI-I)
presented by Zabetakis indicate that drops smaller than I0/_m diameter have the same LFL
as vapor when expressed as mass concentration (~ 48 g/m3). For drops larger than 60/_m
diameter, the LFL increases. As will be shown, aerosols present in the headspace of

l mun l n l m , I I ,n
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Tank C-103 are expected to be smaller than 10/_m diameter. Therefore, their contribution
to the flammability characteristics of the atmosphere is expected to be similar to that of
vapor.m

This report section addresses the following tasks:

• Describe how aerosols could form
• Predict maximumconcentration in Tank C-103 headspace
• Compare predictions with available data
• Quantify flammability contribution of aerosols.

OBSERVATIONS OF FOG IN TANK C-103

Visual inspections of the headspace atmosphere provides a means for making rough estimates
of aerosol mass concentration. The following discussion applies to observations made
several years ago. Operations personnel have observed a fog or haze that interfered with
visibility and photography. According to Huckaby and Estey (1992) the surface of the waste
approximately 10.1 m (33 ft) below the riser opening, was visible through the fog.

The mass concentration of the fog can be estimated by comparing this assumed visual range
with visual ranges measured for known concentrations. HiUiardet al. (1979) correlated
visual range with suspended mass concentration for sodium fire aerosols. As shown in
Figure 6-3, similar results were obtained for both a dry aerosol (test AB1) and an aerosol
composed of solution droplets (test AB2). For a visual range of 33 ft (10.1 m) an aerosol
density of approximately 0.3 g/m3 is indicated by the best fit line in the figure. This aerosol
concentration (0.3 g/m3) is similar to a value (0.2 g/m3) estimated from a
visibility-concentration algorithm presented by Hinds (1985).

The observed visual range provides a rough upper limit estimate of suspended concentration
but sheds no light on particle composition. If the fog were composed of water drops,
flammability would be retarded. If, on the other hand, the fog were composed of organic
liquid, the aerosol would add to the flammable species concentration.

Recent sampling activities in tank C-103 have allowed visual inspection of headspace air. No
observable aerosol was present in the tank when organic liquid samples were taken in

• December 1993 (Huckaby 1994a). It is likely that current tank conditiot_sare less favorable
. for aerosol formation than conditions in former years. Changes which wo_tld diminish

organic aerosol formation rates are (1) the tank heat load is lowers" present because of
radioactive decay, and (2) the more volatile organics have been deplete( by the purging of

o headspace air with fresh air (instrument air, natural"breathing', and forced ventilation).

t
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Fit,tire 6-3. Visual Ranze of Aerosols (HiUiard et al. 1979).
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EVAPORATION/CONDENSATION MECHANISM
FOR AEROSOL FORMATION

Aerosols can be formed from organic materials in the floating liquid by the following
processes.

1. Organics volatilize from the liquid into the gas phase at the gas/liquid interface.
The layer of air at the interface becomes saturated with organic vapors.

2. The radioactive decay heat generated in the waste [approximately 5.3 kw
(18,000 Btu/h)] warms the vapor-rich air and causes it to rise.

3. Because the temperature at higher elevations in the dome space is slightly cooler
than at the interface, the vapor-air mixture is cooled below its dew point. This
causes condensation on nuclei already present in the air.

4. Steady-state aerosol concentration is attained when the depletion rate (settling,
plateout) equals the production rate by condensation.

,P

In addressing the mode of aerosol formation, it must be recognized that the few degrees of
cooling [approximately 2.2 °C (4 °F)] the air experiences as it is convected upward from the
liquid surface does not allow sufficient supersaturation for homogeneous nucleation to occur

,, , ,, ,, ,, |,,,,
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• (Fletcher 1966). Aerosols could form only on pre-existing nuclei (heterogenous nucleation).
Adequate nucleation sites are expected to be present in the dome space. Air brought in by
tank breathing, natural convection and the air purge would introduce nuclei (airborne

" particles). Ionization of organic molecules by the r',_ation field in the head_ generates
additional condensation nuclei (Megaw and Wiffen 1961). Therefore, organic vapors are
expected to condense as aerosols whenever they become slightly supersaturated by the

" cooling of an air parcel convected away from the warm liquid surface toward the tank dome
and exposed walls.

ESTIMATE OF MAXIMUM AEROSOL CONCENTRATION

A conservative estimate of maximum aerosol concentration in the headspace of tank C-103
that could result from the condensation of organic vapors originating from the liquid was
made as follows.

I. It was _ that organic aerosols were present and that the air was
everywhere saturated with organic vapor.

2. The evaporation rate of organic vapor from the surface was computed using a
concentration driving force that was consistent with the saturation assumption
stated above.

3. A conservatively small rate of condensation on the tank surfaces was calculated
and subtracted from the evaporation rate.

4. The remainder of the vapor evaporated from the pool surface was assumed to
form small (0. I _m diameter) aerosol particles.

5. Particle concentration was computed as a fun_.tionof time using the MAEROS
Code (Gelbard 1982). The peak concentration corresponds to an equilibrium in
which the depletion rate (fallout and plateou0 is equal to the particle generation
rate.

Details of the above-described aerosol analysis are provided in Appendix D. Key results are
asfollows.

• • The maximum concentrationattainedforabest-estimateaerosolgenerationrate
(1.2rag/s)was predictedtobe0.04g/m3.

• The maximum concentrationattainedfora conservativelyhighaerosolgeneration
rate(12rag/s)was predictedtobe0.2g/m3. • -

• The maximum concentration,0.2g/m3,predictedfortheconservativelyhigh
aerosolgenerationrateamountsto0.4% oftheLFL forNPH.

,, n ,,n ,,,,,, , , -- --
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Based on these results, it is concluded that NPH aerosols formed by condensation in
tank C-103 do not represent a flammability hazard. Because the aerosol model uses
conservative assumptions regarding generation rates, the results are expected to bound actual
aerosol concentrations that may occur during any part of the annual temperaturecycle in
tank C-t03.

t,

6.2 COMBUSTION OF ORGANIC LIQUID AS A POOL FIRE

In this section phenomena as.u_iated with pool fires in closed tanks are evaluated to provide
a technical basis for controls needed to prevent a pool fire in tank C-103.

6.2.1 Adiabatic Burn to Oxygen-Limit Extinguishment

To put pool fire consequences into perspective, adiabatic constant-volume burns to the
oxygen exl_nguishment limit were analyzed. Experiments on pool fires of kerosine-TBP

. mixtures in closed compartments have shown that the fire self-extinguishes when the oxygen
concentration in the contained atmosphere falls to a level between 12% and 18% (Jordan and
Lindner 1983; Malet et al. 1983). For the large-scale tests reported by Malet et al. (1983)
the limiting 02 concentration ranged from 13.5% to 13.75% The oxygen extinguishment
levels observed in these tests are consistent with oxygen deflagration limits cited by Lewis
and Von Elbe (1987). The maximum safe oxygen limit for butane and higher hydrocarbons
is provided by Lewis and Von Elbe (1987) as 12.1% and 14.5% for nitrogen and carbon
dioxide as dliuents respectively.

In applying these results to tank C-103, stoichiometry was based on n-dodecane as fuel:

+ Is5 t2 . 13

The change in internal energy for this reaction was assumed to be the same as used earlier in
this report for headspace deflagrations (Section 6.1.1), 1811 k Cagg-mole. Initial conditions
were assumed to be the same as for headspace deflagrations as listed on Figure 6-1. Results
of the adiabatic, constant-volume burn calculations are listed in Table 6-3.

The data of Table 6-3 indicate that pressures of approximately 50 lb/in_ (345 kPa) are
predicted for 02 extinguishment levels of 13% to 14%, the range f_.'Jndby
Malet et al. (1983). These pressures are well above those the tank can safely withstand
(Moore 1994).

. iilll illll_i ii ' j )l ill ii i ii tll i i i i ....
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Table 6-3. Preuure P41e Calculated for an Adiabatic,
Constant-volume Burn of Dodecane in Air.

" "'Assumed'-................oxygen _tinguishm_t _limit...................................(%) P_ preslmre_ (lb/in_.............

.........._2 ..........4x6"(eo.3)
- ....._....................................' .... .... 37oi53_ ....." 13

.............'............ 32x(46,_
tt .......... ttii, it t if : : ....

15 272 (39.5)
I rllflll l II I I I I I II IIIII I llll III I IIII IIII III[ II " J_ -

16 226 02.8)

.................................................x7 173-(_,1) ....
t LL m t t i -

18 121 (1"/.5)
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Actualpressurescausedby a poolfire[atankC-103wouldbelowerthanthosepredictedby
the adiabatic constant-volume calculation u a result of the following factors.

• The combustion energy would be lower than assumed because of incomplete
combustion and the fact that TBP has a lower combustion energy than normal
paraffin hydrocarbons.

• Heat transfer from combusted gas to the tank wall and internal structures could
appreciably mitigate the pressureincrease.

• Expansion work and loss of 02 resulting from gas leakage during the burn could
appreciably mitigate the pressure increase.

Two conclusions drawn from the adiabatic constant-volume burn calculations are:

1. Preasure generated by pool fires could pose a threat to tank structuralintegrity
and, therefore, pool fires may pose a significant hazard.

2. Realistic assessments of pool fire pressures need to account for key mitigating
factors.

6.2.2 Pool Burnlnl Pltt.;omena

" Flames above burningpools originate from a gas phase combustion in a zone above the
liquid. The flame persists as long as the flame transfers enough heat to the surface of the
liquid to produce vapor in flammable concentration in a mixing zone where vapor and
oxygen react. Phenomena that govern ignition, flame spread rates, and burning rates are
evaluated in the following sections.

. ,i,. ....................................................... Ti , i iiiii i, iiii i ,,i iii i i i _ i, ii i ii i
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6.2.2.1 Potential for Inertlng by Water Vapor. Liquid fuels that contain water will not
supportatlame if the vaporevolvedat the air-liquid interfacecontainsmore than
approximately30% water. The reasonis that diluents in fuel-air mixturescausea narrowing
of flammability limits (Lewis and Von Elbe 1987). As the diluent concentration is increased,
the upper and lower flammability limits converge to a single point. For still higher diluent
concentrations, the mixture is not flammable (i.e., will not support a combustion wave).
This well-known behavior is illustrated in Figure 6-4 (Burger 1956) where dam for kerosene
(a mixture of normal hydrocarbons similar to NPH) is presented. As indicated in Figure 6-4,
kerosene is inerted when water vapor amounts to more than 33% by volume.

The inching water vapor can originate either from the fuel or be present in the ambient
atmosphere. As an example, if a tank contained water vapor in equilibrium with liquid water
at 161 °F (72 °C), the atmosphere would contain 33% water (1 atm. total pressure) and pool
burning would be impossible. Alternatively, if the vapor pressure of water over the liquid
fuel was 4.8 lb/in= (33 KPa) or higher at the flashpoint temperature of dry fuel, the vapor
evolved from the liquid into the mixing zone would be inerted by water vapor, and the pool
would not burn.

Figure 6-4. Flammability Limits for Fuel-Air-Diluent Mixtures (Burger 19:56).

_
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The fact thattheorganicliquid in tankC-103 is floatingon waterhu the following
implications with regard to pool fires and headsp_ deflagrations.

o

" I. The fla_point of the organic liquid (> 96 "C) is higher than the temperature
('/2 'C) where water vapor would inert headspace a/r. Therefore, neither

• headspace de_tions nor pool fires would be possible as a result of a global
heal_il proceu that caused underlying water to closely follow the temperatureof
the organic liquid, and where water vapor equilibrium in head_ air was
closely achieved.

2. The water content of the organic liquid, measured to be 1.3 wt_ by Pool and
Bean (1994), appears to be too low to inert headspace air. Therefore, water
dissolved in the organic liquid would not prevent pool fires for postulated
transient heating processes that caused loc_ heating of' the organic liquid without
also healing the underlying water.

3. A pool fire, if assumed to be initiated, would heat underlying water, causing
water vapor to enter head_ air. The increase in water vapor concenwation in
headspace air would aid self-extinguishment by reducing oxygen concentration as
well as serving as an inert diluent.

6.2.2.2 Ignition of a Pool Fire. The ignition of flammable liquid requires, that local
' !1regto s, at least, be heated above the flashpoint. The flashpoint is the temperature at which

vapor concentrations, in closed containers, are at the LFL. An ignition source applied to the
vapor at the flashpoint will cause the vapor to "flash"but the liquid will not burn at this
temperaturebecause the rate of evaporation of fuel is too low to support a steady flame.
A higher liquid temperature, called the "fire point" is required for the fire to be
self-sustaining (Thorne 1983). Data presented by Thorne (1983) for five liquid fuels show
fire points to be 15 °C to 47 °C higher than the flashpoint, suggesting that the initiation of a
pool fire in tank C-103 would require that the organic liquid be heated (l_y) more than
10 °C above its flashpoint.

The evaporation of more volatile components from the NPH-TBP liquid in tank C-103 has
. caused the flashpoint to increase with time. Data on flashpoints of newly prepared

NPH-TBP mixtures (Pool and Bean 1994) are presented in Table 6-4 to illustrate the effect.

- Based on the flashpoint of fresh extractant (101 °C for a 30% TBP mixture) and the
• measured flashpoint (118 "C) of liquid presently in tank C-103, the selective evaporation of

volatile components has increased the flashpoint by an estimated 17 °C (3: °F).

While experience with open pools (Malet et al. 1983, Sutter et al. 1974) shows they are
difficult to ignite if the liquid is substantially cooler than the flashpoint, the presence of a
wick makes ignition relatively easy. In everyday experience one can light a candle, but a
cylinder of wax without the wick cannot be ignited at room temperature. While an
examination of photographs of the surface of the pool in tank C-103 indicates that wicks are

............ ..... i i --- __ iiii i ii ii iii i ii
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Table 64. Flashpoints of' NPH-TBP Mixtures
(Pool and Bean 1994).

Percent TBP"b-yvolume Flashpoint °C
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not present, it is difficult to rule out altogether the existence Ofa solid at the air interface
which could act as a wick. If present (and assumed to be lit) then a key question would be
fire spreading rate discussed in the next section.

.- 6.2.2.3 Peel Fire Spread Rates. The rote at which a local flame spreads is important in
determining the peak pressure generated by a pool fire in a closed tank. If a small rite few
square feet of area) were stabilized by a wick (protnuling saltcake or floating debris) but did
not spread, then heat transfer and expansion work would limit the pressure rise to minimal
levels. For dds case the fire would burn to 02 extinguishment levels and the incident would
be self-tt_nlrmatingwith minimal consequences. At the other extreme, the whole area of the
pool could be inflamed and peak pressures could be comparable to the values for adiabatic
burns.

Currently, no generally accepted model or correlation exists for easy use in predicting flame
spreading rates exists. In a review of the topic, Quintiere (1988) notes that for liquid
temperaturesbelow the flashpoint, liquid phase effects control and for temperatures above the
flashpoint, gas phase effects control. This is illustrated graphicaUy in Figure 6-3. As
indicated, the spread rate is low and increases with temperature until the liquid is heated to
the flashpoint. Studies-u: flame spreading rates (Glassman and Dryer 1980, Aldta 1973)
indicate that liquid properties (surface tension, viscosity) are of prime importance in this low
temperature region. Above the flashpoint the spread rate increases to a maximum that is
controlled by flame speeds for premixed vapors. The maximum spread velocity was stated
by Glassman and Dryer (1980) to be four to five times the laminar burn velocity and is
attained when liquid temperatureis high enough to generate vapors which form a
stoichiometric nfixture above the pool.
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Figure6-5,Effectof LiquidTemperatureonFlameSpreadRate
(GlassmanandDryer1980).
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Basedon this review of pool fire spreadrates, a pool fire in tankC-1O3 (assuminginitiation)
would spreadat a relatively low rate. Reasonsfor this assessmentare as follows.

• Temperatureshigher than the flashpoint,where spreadratesincreaserapidly (see
Figure 6-5), are not applicable to tank C-103. The reasonis that the closed
volume in the tank would becomewater inerted (seeSection6.2.2.1) at

- temperatures of - 72 oc. Compared to the measured flashpoint (118 *C) the
liquid would be subcooled by -46 *C or more for pool temperatures where fires
are possible.

• Because the maximum bulk liquid temperature where fire is possible is well
below the flashpoint, spread rates of the order of 1 cm/s, the value observed by
Glassman and Dryer (1980) for kerosene (subcooled by approximately 30 °C
compared to its flashpoint) would be expected to apply to tank C-103.

" Therefore, a spreadrate of - 1 cmlsor less wouldbe expected apply to
tankC-I03.

. 6.2.2.4Maximum BurnluBgRate. Burningratesforliquidpools,expressedaskg/m2rain,
increasewithpoolsizetoanasymptoticvalueforlargepools.Babrauskas(1988)providesa
correlatingequationoftheform:

rh : rh.(l - • "_Btb ' (6-zz) -

III .... II J II IIII I I I . II I I IIIII
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where:

6t = Bum rate, kg/m' min
r/_ = Bum rate for a large pool
kB -- A constaat, m"1
D = Pool diameter, m.

For kerosene the kB product is given by Babrauslms(1988) as 3.5 m"1,and based on
Equation [6.11], lhreaches 95% of the maximum value for a pool 0.9 m in diameter. This
projection, based on experimental data, indicates that data from pools roughly 1 m in
diameter would apply reasonably to a waste tank.

Tests of burning TBP-NPH mixtures in closed vessels showed that burning rates were 40%
to 50% lower than for fires in the open air (Jordan and Lindner 1983). Mean combustion
rates for enclosed large pools were measured to be approximately 1.2 kg/m2 min of organic
liquid (Jordan and Lindner 1983).

6.2.3 Realistic Estimates of Tank Pressurization
Resulting from Postulated Pool Fires

" Pressures generated by postulated pool fires in tank C-103 are estimated by means of a
realistic model. The objective is to help put the pool fire hazard into perspective. Key
variables are assigned best-estimate values or are treated parametrically. The predictive

= model embodies the following key assumptions.

• Burning rate is assigned a value of 1.2 kg/m2 rain, a value determined from the
experiments reported by Jordan and Linder (1983).

• Flame spread rate is treated parametrically.

• Headspace air is assumed to be well mixed.

• Heat loss from headspace air to tank walls by radiation and convection is
accounted for.

• The fire is assumed to self-extinguish when the oxygen concentration falls to
13%.

• Gas ventingratewas treatedparametricallyby treatingventpathsascircular
orifices of _._ i_ary diameter.

• The thermodynamic impact of gas expansion (inside the taak) due to venting was
modeled as a reversible expansion.

u
i
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• Combustion energy wu calculated u a weighted average for TBP and NPH.

• Evaporation of water during the fire wu neglected.o

Results of these calculations help assess the significance of the pool fire hazard. A specific
o objective of tbe analysis was to identify fire parameters for which a pool fire would threaten

tank structural integrity. If a realistic set of fire parameters leads to calculated pressures that
would threaten tank integrity, then it may be concluded that heat transfer and gas outflow
effects would be unfikely to diminish burn pressures sufficiently (as compared to adiabatic,
constant volume calculations exhibited in Table 6-3) to prevent tank damage as a result of a
postulated pool fire.

6.2.3.1 Stationary Small Fire. For this case, a wick-stab_ flame having an area of
1 ft_ (0.093 m2) is postulated. The combustion energy was computed for "f_P and NPH
using heat of reaction data measured in a bomb calorimeter for NPH and TBP (Lee 1974):

i

_, H - -[0.67(12,380) + 0.33(18,920)] -" -14,540 Btu/lb (-33.8 MI/kg)

The mass fraction of TBP was taken as 0.67 (Pool and Bean 1994), the combustion energies
(12,380 Btu/lb [28.8 M//kg] for TBP and 18,920 Btu/lb [44 Ml/kg] for NPH) were taken
from the report of Lee (1974). The outflow of headspace gas was computed for an orifice
diameter of 4 in. using a flow coefficient of 0.6. Results are as follows:

• A peak overpressure of 0.044 Ib/in: gauge (0.3 kPa) was attained shortly after
burn initiation

• The fire goes out at 9 hours after initiation

• 127 lb (57 kg) of organic liquid (stoichiometry based on Ct2H2_)is consumed.

The low pressures generated by such a fire would not structurally damage the tank. Smoke
produced by the fire could plug the vent filter, resulting a slight pressurization (calculated to
be 1.0 lb/in _ gauge [7 ld'a] or les.;) of the tank. Smoke escaping from the tank would carry
a small quantityof radioactive particulate material into the atmosphere.

- 6.2.3.2 Spread Rate Controlled by Liquid Phase. For this case, the fire was assumed to
spread from an initial region (a :ircle having an area of 1 _ [0.093 ms]) at a velocity of
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1.0cm/sec.Thisvelocitywascitedasa realisticestimateinSection6.2.2.3.The initial
pool was assumed to be centered in the tank. Time for engulfment of the whole tank is"

Time for spread - 37.5 ft x 30.5 cm 1 see
x 1.0cm = 1144sec

h.

The outflow of headspace gas was computed for an orifice diameter of 4 in. using a flow
coefficient of 0.6.

Results of the calculation for this case are:

• The fire burned to the oxygen-extinguishment limit in 290 seconds

• The peak pressure calculated was 16.7 lb/in 2 gauge (115 KPa) and occurred at
the end of the bum.

The calculated tank internal pressure for this case, 16.7 lb/in2 (115 kPa), is higher than the
estimated pressure [14 lb/in2 (96.5 kPa)] that the tank can safely contain (Moore 1994).

. Based on this higher-than-safe pressure that is calculated for a relatively slow fire spread
rate, it is concluded that a pool fire in tank C-103, if initiated, could result in structural
damage to the tank. Operational controls that prevent pool fire initiation appear to be needed
for safe interim storage of the organic Liquid.

.o

6.2.4 Discussion of Pool Fire Initiation

As discussed in Section 6.2.2.2, a pool fire in tank C-103 is possible only if the global
temperature of the aqueous-organic supernatant liquid is lower than --72 °C. Water vapor
would inert headspace air for higher temperatures. This temperature is well below the
measured flashpoint, 118 + 2 °C (Table 5-1), so the initiation of a pool fire in tank C-103
requires both the loc_ heating of organic liquid to above the flashpoint, and the introduction
of an ignition source into a flammable air fuel mixture immediately above the locally heated
liquid.

Two key criteria thus exist for determination of the potential for a pool fire to be ignited and
to propagate across the tank C-103 organic layer. First, for the case of local pool heatup,
how much energy is required to heat a portion of the pool above its fire point so that, if
ignited, the local flame could propagate? Second, for the case of a wick-stabilized flame,
how large a wick flame (a stable energy source provided by the flame) is similarly required?

.

A qualitative answer to these question is that heat input from the source to a local pool
surface region exceeds the heat removal rate from this region, so that the region heats up to
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_ its flashpoint, and the flame spreads across the region. The region is large enough that the
heat evolved and radiated to adjacent portions of the pool in turnbrings these portions above
the pool flash point, whereupon ignition occurs, and the flame propagates.

o

This rationale has been employed to ignite surface fires on TBP-IqPHpools
(Malet et al. 1983). Malet's experiments pertinent to this issue employed 200 liters of 30%

- TBP and 70% NPH in a pool with a surface area of 4 m_ and a depth of 5 cm. The tray
holding the pool was placed in a closed vessel. The pool could be heated in bulk to a
desired initial tempe_'ature,and it could also be heated in a small central region by an
immersed resistor. This region was confined by a barrier to prevent convective heat losses
to the rest of the pool. Two kW of power were input by this immersion heater. Ignition
was accomplished by two to four 200 W electric arcs above the center.

These experiments are at a scale applicable to tank C-103 because the layer depth was 5 cm
(2 in.) and the radial extent (greater than 100cm) was large compared to depth; these
exlx-aiments also employ pertinent materials. While wicks were not used per se, one
important feature of a wick-stabilized flame is its power, which in part is available for
heating the pool.

Therefore, Malet's experin_entsprovide information directly applicable to the case of a heat
source applied to the tank C-I03 layer as opposed to a wick-stab_ flame. The energ?
requirement for a wick-stabilized flame to propagate may be similar, but this cannot be stated
with certainty at this time.

According to (Malet et al. 1983), "In all cases [a] large amount of energy was necessary to
start the combustion." Confinement of the local zone was a key feature of the heating
technique, because without the barrier much of the input power would have been lost by
convection in the pool radially away from the heaters. The large radial extent of Malet's
experiments relative to the source size suggest applicabilityto tank C-103. A source in
tank C-103 would necessarily be far greater than that of Malet's experiments because of
radial losses (minimized by the confinement technique) and losses to the underlying
supernate. Thus, for TBP-NPH pools, a heat source must produce a power output in great
excess of 2 kW, probably of the order of 10 kW.

The necessary duration of an energy source was not directly stated by Malet (1983) but his
wording implies a period on the order of minutes, perhaps about ten minutes, to achieve a
large amount of energy. (A period on the order of a minute would have been trivial, while a
period on the order of an hour would have complicated the experiment and is likely to have

" been mentioned). A 10-minute heating period at 2 kW is 1.2 MJ energy. A 12 MJ is
roughly the amou0.t of amount of energy required to heat up 2 kg of organic material to its
boiling point, and partly evaporate some in the process. Such a mass corresponds to slightly
over 2 liters of organic liquid, or 1% of Malet's total fluid volume of 200 liters, which is
consistent with the volume expected in a confined portion of the pool.
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It may be concluded that a total energy requirement of 1 MI or greater was needed
(Malet et al. 1983) to create a leoally ignitable TBP-N-PH region, and that the same or
greater energy would be necessary in the case of tank C-103 due to the similarity in layer
geometry. Extra energy is needed in the case of tank C-103 due to the lack of confinement,
a higher flashpoint liquid, and the presence of the underlying aqueous supernate.

What kind of energy sources can produce the required levels of power and duration to initiate
a pool fire in the tank C-I03 organic layer7 Resistive heating, sustained electric arc, a large
burning object or torch flame, are possible sources. Energy generated by the source must be
released just above or within the organic layer, and not to the underlying supernate. Any
energy source in contact with the underlying supernate would transfer much of its energy to
the water and not the organic layer.

The power used by Malet may also be compared with the output of a possible wick-stabilized
flame. A typical candle produces a few watts to I0 watts. Conservatively speaking, the
required source is two to three orders of magnitude larger than that of an everyday candle.
More practically vis_!i-__, the equivalent of several hundred to a thousand ordinary candle
wicks in close proximity are required for an equivalent source. Note that metal or plastic

- equipment would not provide a wick site, since a porous material is required. The required
: wick corresponds qualitatively to a piece of flaming porous solid debris embedded in the

organic layer. Thus, if the power requiremen! for a wick-stabilized flame is similar to that
of some other heat source, a large wick would oe required for a flame to propagate.

Dropping a flaming, non-floating object into the organic layer is not likely to initiate a pool
" fire. First, any dropped object would partly or completely penetrate the layer,

simultaneously losing contact with the air (oxidizer) and coming into contact with relatively
cool fluids -- thus, flames on the object would be quenched. Second, the energy imparted to
the layer by the flames on the object would be rather low, since the transient contact time
would be a second or less. Stored thermal energy in the object would be conducted out
slowly after the initial quench. Only if the object were extremely buoyant, or dropped from
a short distance, is it likely that it would both float and continue to burn.

6.2.5 Discussion of Condensate Film Fire Initiation

Organic vapors evolved into headspace air at the organic liquid-air interface could condense
on cooler surfaces in the tank. Examples of cooler surfaces are the tank dome and
equipment (cameras, illuminating lights, etc.) inserted into the tank atmosphere. Equipment
normally would undergo a heatL? transient because ambient air normally is colder than
headspace air. Surface films forme_,by condensation represent an additional liquid fire
hazard that needs to be considered.

6-28
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Two types of condensate films were evaluated:

, I., Condensate film on tank wall

2. Condensate mm on equipment,

. Film thickness computed from laminar flow theory (Bird et al. 1960), using the condensation
rates estimated in Appendix D, are small. For a vertical surface, a film thickness of 14 _m
is predicted. A film of this thickness, composed of a high flashpoint liquid, would be
difficult to ignite because it could lose heat very rapidly to the solid surface behind it.

Similar thicknesses are predicted for films which would form on cool equipment inserted into
the warm headspace air. Based on a transient heatup time of 4 hours, an organic vapor
concentration of 1 g/m 3, and a mass transfercoefficient of 1.9 m/h (from Appendix D), an
organic film thickness of 8.4 _m was predicted. An organic film of this thickness would be
difficult to ignite because it would lose heat rapidly to the underlying material.

In the discussions above, water vapor has been neglected. The concentration of water vapor,
, if saturated at 40 •C, would amount to 52 f/n:. This is -50 times higher than the mass

concentration of organic vapor. Therefore liquid condensing on surfaces inside the tank
would probably be mostly water. Organic condensate would likely be present as a very thin
film on a water film, making ignition very improbable.

Based on the discussion above, it is concluded that fires involving organic condensate on tank
wall or on equipment inserted into the tank atmosphere do not pose a credible hazard in
tank C-103.

6.2.6 Conclusions Regarding Pool Fires In Tank C-103

• The current temperature of the organic liquid in tank C-103 (-40 •C) is
approximately 80 •C below its measured flashpoint (118 :t: 2 °C). The ignition
of a pool fire would require the imposition of a local high energy source at the
organic-air interface to heat the organic liquid to a temperature above its

• flashpoint and the simultaneous introduction of an igniter into the flammable
organic-air mixture immediately above the heated liquid.

" • The global healing of organic-aqueous supernatantliquid to temperatures greater
" than --72 •C would likely cause the tank atmosphere to be inerted by water

vapor, making pool fires and deflagrations in headspace air impossible.
Therefore, only local heating/ignition sources could initiate a pool fire in
tank C-103.

• A wick, if present, could lower the required energy for ignition as compared to
an open pool. A review of photographs of the surface of the pool failed to
identify the presence of wick-like materials in tank C-103.

6-29
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• Peakpressurescalculatedforadia0atic,constantvolumebums ofa poolfireare
approximatelyhalfthevaluescalculatedfora premixeddeflagrationbecausethe
poolfireself-extinguishesatanoxygenlimitofapproximately13%. Thisself-
extinguishmentbehaviordoesnoteliminatethepoolfirehazardbecause
calculatedpeakpressuresstiUexceedthestructuralcapabilitiesofthetank.

• A wick-stabilizedsmallfire(0.3mdia.)wouldburntoextinctionwithout
generatinganoverpressurethatwouldchallengetankstructuralintegrity.

• A locallyignitedpoolfirethatspreadfromitssourceandcovereda significant
areaofthepoolwouldlikelycauseoverpressuresthatwouldchallengetank
integrity.Therefore,theconsequencesofa poolfirecanbebestavoidedby
maintainingcontrolson tankoperationsthatpreventtheignitionofa poolfire.

6.30RGANIC-NITRAITJNITRITE REACTIONS

The potential for exoth_fic reactions in organic wastes has been studied since the 1970s.
" Beitel (1976a, 1976b, 1977) carried out tests with simulants and identified conditions

(concentrations of reactants, moisture levels, and temperature) under which significant
reactions could be observed.

More recently Fisher (1990) conducted a series of screening tests designed to identify organic
concentration levels where dry wastes could undergo a deflagration if heated to above
reactionthresholdtemperatures.Thesetestsidentifiedanorganiccarbonlevel,expressedas

: sodium acetate, of 10% as a criterion for gauging waste reactivity. Fisher (1990) then
examined available waste composition data and identified seven single-shell tanks estimated
to have 10% or more sodium acetate on a dry basis.

Tank C-103 was not among the seven tanks identified as having potentially reactive organic
salt concentrations and based on the 10% acetate gauge would not pose a hazard on the basis
of organic-nitrate/nitrite reactions. This issue is discussed in this report section using
thermodynamic calculations to judge potential reactivity.

Currently, the sludge in tank C-103 is covered by aqueous supernatantliquid. The presence
of the aqueous liquid makes it virtually impossible for an organic-nitrate/nitrite reaction to
pose a significant hazard. This can be shown by energy balances where theoretical reaction
energy is compared to the endotherm arising from the evaporation of water and the heating
of solids to reaction threshold temperatures.

Supernatant liquid has been analyzed for organic carbon (Edrington 1991) and the
concentration in two samples was reported as 7.44 and 7.46 g/f respectively (see Table C-2
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of Appendix C) of total TOC. Nitrate and nitrite together added to 34.7 g/t. If it is
assumed that the TOC is present u sodium acetate, a relatively energetic chemical form
(Crippon 1991a), the reaction energy per liter of liquid is

.... __ _ Eccd7.45 _7, x I mle C x77 E ca[ , 47.8 ----..
" ! 12_ C mole C !

The evaporation of 907 g of water in the liter of supematant liquid requires an energy input
of

Comparing these two energies shows that the reactionexotherm is far too small to evaporate
water present and one can conclude that organic-nitrate/nitrite reactions pose no threat in the
aqueous supernatant liquid.

Drainable liquid in sludge retrieved in core samples (see Table C-3 of Appendix C) had TOC
levelsof7.37g/tand7.2g/EforcoresIand2 (WeissandSchull1988).

" These concentrations are similar to those in the supernatant liquid, and the energy balance
described above shows that the organ/c-nitrate/nitrite reaction in dralnable liquid poses no
hazard.

Sludge solids separatedfrom drainable liquid had measured TOC levels of 3.9 and
2.61 g/kg, respectively, for core samples I and 2. Drained solids had reported moisture
contents of 37% and 41% respectively. The theoretical reaction energy per kg of drained
sludge for ,.ore I (the sample with the highest TOC) is

" 3.9 gC x77 kna/ 1 mole C = 25.0 kna/
k8 moleC x 125c "-_'"

m

The endotherm for moisture evaporatic,I for one kg of drained sludge f_._rcore I is

0.37 kg t120 x 540 kcat = 2" kcal.
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The endotherm computed above is much larger than the theoretical exotherm and it is evident
that organic-nitrate/ni_'itereactions do not pose a hazard for solids in the sludge.

#.

Nonuniform distributions of decay heat in the wastes have been postulated u a means for
drying out local regions and possibly creating "hot spots." The threat posed by postulated
"hot spots" in sludge in tank C-I03 appears to be minima/for the following two reasons.

!. The sludge is submerged beneath aqueous liquid.

2. Theoretical reaction energies appear to be too low to support a propagating
reaction even in dry sludge.

Item 2 above is supportedby an endotherm calculated for a temperature increase in dry waste
solids from 65 °C to 200 °C (Babad and Turner 1993).

solid, tcal tca
0.63 k8 S/udSe x (200-65)'C x 0.31 _ soltds "C = 2e.4 te se"

The endotherm calculated for zero moisture is larger than the exotherm (26.4 vs 25.0) and
one can conclude that a propagating reaction could not be sustained even in dry solids.

In summary, simple energy balances confirm that organic-nitrate/nitritereactions do not pose
a significant hazard for wastes currently in tank C-103.
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7.0 A&,,q]ESS_ OF HAZARDS FOl_ TANK O]PEII&TIONS

Tank operationsaree_luat_l in thissectionagainstthehazardsdiscussedin Section6.0.
The objectiveis to identifyhow anoperationcouldruult in uncontrolledexotheamlc

" reactions.Basedon thisevaluation,controlsrequiredto preventa hazardfrom causingan
uncontrolledreactionwill be formulated.

7.1 SUMMARY DESCRIFrION OF OPERATIONS AND
HAZARDS FOR TANK _AI.C.103

Table 7-1 summadzu an a.me_ment of potential hazardsrelated to tank intrusive operations
proposed for tank 241-C-103. These operations are required, or could be required, to ensure
the continued safe interim storage of the high.level radioactive waste stored in thJ,s,

single-shell tank. Proposed tank intrusive operations include the following:

• Liquid level monitoring
• Sludge level monitoring
• Temperature monitoring
• Still camera photography
• Video cameraoperation
• Portable exhaus_r operation
• Breather filter testing/maintenance
• Sorbent bed testing/maintenance
• Pit cover block removal/replacement
• Riser flange and gasketremoval/replacement
• Riser modifications

• Waste sampling
• Inadvertentaddition of high-level waste
• Small volume water additions
• Passive tank ventilation.

• These proposed operations have been assessed against four potential hazards for both normaL
and operational upset conditions. The four potential hazards described in Section 3.4 are

• • Deflagration of gases, vapors andaerosols in the tank's headspace (headspace

" deflagration) ,,

• Ignition and combustion of the floating organic layer (organic pool fire)

• Organic - nitratereaction within the floating organic layer.

• Organic - nitrate reaction within the sludge layer.

7-1
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• The results of the hazards assessment for each opera,tion are indicated in Table 7-1 using the
• following legend:

• X = Hazardsdetermined not to be present
. H = No controls requiredto ensure continued safe interim storage

C = Control requiredto ensure continued safe interim storage
A - Operationrequires PJnher safety analysis.

The hazards assessment for each operation is presented in Section 7.2.

Several operations that are non-intrusive have not been included in Table 7-1. These
operations are also required, or could be required, to ensure the continued safe interim
storageofthehigh-levelradioactivewastestoredintank241-C-103.Hazardssimilarto
thosepresentedinTable7-Iarenotpostulatedforthesenon-intrusive_tions. Thisis
becausethenon-intrusiveoperationsinquestionareincapableofimpartingsufficientenergy
to the tank's waste contents to create one of the hazards thathave been addressed for
intrusive tank operations. A non-intrusive operation is characterized by the p-re,sence of
boundary that physically _tes the instrument, equipment, or process from the tank's
wastecontents(headspacogases,vaporsandaerosols,liquidsandsolids).An intrusive
operationischaracterizedbytheabsenceofsuchaphysicalboundary.The non-intrusive
operationsincludethefollowing:

• Dome deflectionsurveys
• Liquidobservationwell(LOW) scans
• Dry well scans.

An authorizationbasis currently exists (the/CO) for conducting all operations listed in
Table7-1withtheexceptionofpush-modecoresamplingofthesludgesolidsin
tank241-C-I03(Carothers1993).Operationsforwhichanauthorizationbasiscurrently
existsareincludedinthissafetyanalysisforcompleteness.Push-modecoresamplingis
scheduledtobeconductedintank241-C-I03duringMay 1994.

This safety analysisdoes not address the following operations:

• Liquidobservationwell(LOW) installation/remova/
• Thermocoupletreeinstallation/removal

-. • Tnmsfer pump installation/removal
• Saltwell screen,_installation/removal
• Removal of the floating organic layerfrom the tank.

No plans currently exist for liquid obser, ation we!_lor thermocouple tree installation or
removal. Operations involving transfer p_mp acd/or saltwell screen installation or removal
will requirecompleting safety analyses before implementation.

7-5
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Removal of the floating organic layer from tank 241-C-103 is scheduled to be completed by
March 1995. This operation is not addressedin this safety analysis because the procedure
and equipmentto be employed have not been sufficiently well defined at this point in time.
The conduct of this operation will require the completion of safety analyses before its
implementation.

7.2 SUMMARY OF HAZARDS ASSESSMENT

Potential hazardsdiscussed previously will be reviewed here so that the operations on
tank C-103, as identified in Table 7-I, can be evaluated for possible accident initiators.
A two-step approach will be followed. The hazardswill be examined to establish criteria
that may be used to either dismiss a hazard or identify a control applicable to many
operations. Each of the four hazards will be addressed in this manner for normal operations
and for operational upsets. As will be shown, several hazards can be dismissed for most or
all operations; likewise, a specified com_'oladequately addresses a hazardfor most or all
operations. Operations and hazards that _luire specific controls will be identified and the
appropriatecontrol will be described.

i"

: 7.2.1 Summary of Headspace Deflagratlon Ha_,m'd

A deflagration in headspace air is possible only if the c_ncentration of combustible species is
higher than the LFL and an igniter is present. This study assumes that an igniter for an air-

- fuel mixture cannotbe ruled out, and that in order to preclude headspace deflagrations, the
fuel concentrationmust be maintainedbelow the LFL.

The following key assumptions are embodied in the evaluation of this hazard.

• Combustible species include:

- Vapors volatilized from the organic liquid
- Organic aerosols
- Gases and vapors produced by radiolysis and other chemical reactions

• The acceptable concet_wationof combustible species is 25 % of the LFL

• Headspace air is,well-mixed

• Episodic gas releases are unimportantfrom a flammability stmldpoint for
tank C-I03.

7.2.1.1 Volatilization of Orpnl¢ Liquid. Samples of headspace air and the organic liquid
(Section 5.0) show that under currentconditions, alkanes and TBP vapor concentrations add
to less than 4 % of the LFL. Analysis of mass transferbetween the pool and headspace air
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• (Section 6.1.2) showed that equilibrium concentrations are achieved in a period of hours.
" Therefore, the measurementsprovide a basis for evaluating the hazard under normal

conditions. Based on the low contributionto LFL, this hazardposes no significant risk
under normal conditions for any of the operations d_bed in Table 7-1.

Process upsets associated with the operations described in Table 7-1 do not have a credible
potential for significantly increasing NPH-TBP vapors in headspace air. This is so because
the pool would have to be heated to -72 °C for vapors to contribute25 % of the LFL.
Based on inteq3olation of the concentrationversus temperaturedata of Table 5-3, 25 % of the
LFL (0.25 X 47 mg/L) would be attainedat equilibriumat a temperatureof -72 °C. None
of the operations, under upset conditions, can cause the healing of the liquid from its present
temperature (-40 °C) to 72 °C. An additional mitigating factor is that the measured
flashpoint of the organic liquid (I 18 + 2 °C) is higher than the temperature where water
vapor would inert the headspace (-72 °C, see Section 6.2.2.1). Based on the discussion
above, this hazard does not pose a credible risk under operation upset conditions for any of
the operations described in Table 7-I.

7.2.1.2 Orphic Layer Aerosol Generation. Both visual observations and theoretical
analyses (Sections 5.6 and 6.1.3) indicate that airborne concentrations of organic aerosols
represent less than 1% of the LFL. None of the operations described in Table 7-I appear to
have the potential to cause the formation of organic aerosol, and hence this hazardposes no
significant risk under normal operating conditions.

Enhanced aerosol formation would requireeither a substantialglobal heating of the organic..

layer or the input of mechanical energy that was effective in atomizing the organic liquid.
None of the operations described in Table 7-I, under upset conditions, causes either of the
two changes required for enhanced aerosol formation; hence, this hazard poses no credible
risk under operational upset conditions.

7.2.1.3 Combustible Species Produced by Radiolyti¢ and Other Chemical Reactions.
Tank C-103 has a relatively high decay heat load, and therefore may be expected to produce
radiolytic species such as hydrogen at a higher rate than tankswith lower decay heat loads.
As discussed in Section 6.1.2, alx_rne radiolytic species build in concentration to an

• equilibrium level where the productionrate is equal to the removal rate by ventilation.
Higher equilibrium concentrationscorrespond to lower ventilation rates. In addition, the
vent path, (i.e., venting via cascade lines throughtank C-I02 or C-101) can also affect the

• - equilibrium airborneconcentration.

Ventilation flowrate is the _,a of flows arising from the followin"g:

• Atmospheric pressure fluctuations
• Air purge into level measuring gauges •
• Leakage induced by naturalconvection
• Operation of a portable exhauster.

i i H '
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A portableexlmuster, if used, would induce flow rates thatwould dominate compared to the
other three causes described above and would cause a significant decrease in equilibrium
airborne concentrationsof radioly_ species. Therefore, it is clear that operation of an
exhauster would not pose a risk in relation to mdiolytic species buildup.

The one operation listed in Table 7-I that could affect ventilation flow rate is entitled
"Passive Tank Ventilation." i

The concentration of radiolytic,species could increase from present levels if one or more of
the following changes were to take place:

• Reduction in air purge flow rate
• Closing vent valve on tank C-102 without opening vent valve on C-103
• Change valving to cause tanksC-103, -102, and -101 to vent through tank C-101
• Additional sealing of pit covers and other leaks that bypass filtered vents.

The predicted increase in the concentrationof radiolytic species following the
terminationof purge air in both tanksC-102 and C-103, amounts to a factor of 5.6 compared

" to current equilibriumlevels (Table 6-2). The increase in concentrationof combustible
species can be estimated by multiplying the present concentrationof radiolytic species by
5.6, and then adding the concentrationof NPH-TBP components that are in equilibrium with
the pool. Hydrogen, carbon monoxide, methane, and ammonia currently sum to a total of
2.3 ± 0.1% of the LFL (Section 5.6.1). An estimate of radiolytic organic species may be
obtained by subtractingfrom total non-methane organics (2.3 ± 0.4 g/m3) the NPH

• component concentration deduced from headspace air samples (1.2 ± 0.25 g/m3). The
" difference, 1.1 :t: 0.65 g/m3 representsan estimated of radiolytic organic species. Using an

estimated LFL of 47 g/m3 for radiolytic organics, the radiolytic organic species are
calculatedto amount to 2.3 4- 1.4% of LFL. An estimate of the current total radiolytic
species, organics plus inorganics, amounts to 4.6 ± 1.5_ of the LFL. When this value is
increased by a factor of 5.6 and added to NPH-derived species, the result is 27 ± 8.7% of
the LFL. This value is marginally higher than the target maximum of 25 • LFL, and
suggests that the total termination of purge-air flow could lead to combustible species
concentrationsthat exceeded the 25 % LFL criterion.

The worst-case upset condition for passive tank ventilation is the hypothetical case in which
air purge is terminated,all three vent valves are closed, and bypass leakage is zero. This
case is worth considering because it can be shown that the response time is relatively long,
allowing ample time for detection and correction. A transientanalysis was done for the

total stoppage of ventilation in all three tanks (C-101, C-I(Y2,and C-10"_).
A radiolytic source term, proportionalto estimated decay heat load was assigned to each tank
as described in Section 6.1.2.1. Radiolytic concentrationsare calculated to increase linearly
with time. The time requiredto double the currentconcentration is --70 days. The
calculated time _ reach 25 % LFL (base_ on a currentradiolytic species concentration of
4.6% LFL) is 270 days.

7-8
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• A final case analyzed here involves the venting of each tank to the atmosphere throughits
. own vent valve. If purge air in tank C-103 were terminatedand simultaneously the vent

valve were opened so that tank C-103 breathed directly to the atmosphere, the concentration
of radiolytic gases is calculated to increase by a factor of (1.4 4. 0.48)/(0.48) (1.24) or 3.2.

. This factor is based on the ratio of ventilation flow rates and a pathway factor (1.24) as
discussed in Section 6.1.2. I. Total combustibles are predicted to peak out at
(4.6 + 1.5% LFL) (3.2) + 2.5 4- 0.595 LFL or 17.2 + 5.395 LFL. This calculated peak
value falls below the 25 95LFL criterion, indicatingthat the deflagration hazard can be
controlled by simply venting tank C-I03 directly to the atmosphere.

In summary, changes in purge-air flow rate and vent valve settings could cause combustible
species to increase in concentration to greater than the 25 95 LFL criterion. In all cases the
buildup rate is predicted to slow; a worst-case (zero ventilation) calculation showed that the
2595 LFL criterion would be reached in 270 days. On a more realistic note, the an.alysis
showed that peak concentrations remained below the 25 95LFL if each tank was vented
directly to the atmosphere, even if purge air were zero.

The followingcontrolsonventilationappeartobeadeqtmtetomaintainheadspace
combustiblesbelowthe2595LFL.

I. Semiannualmonitoringofheadspaceairtoconfirmthatchangesinpurgerates,
ventvalvesettings,orreductiOnsinnaturallyconvectedairflowshavenot
reducedventilationtoa levelwherecombustiblesexceedthe2595LFL criterion.

2. As analternativeto(1)above,acontrolthatrequireseachtank(C-I03,C-I02,
andC-101)tobeventeddirectlytotheatmospherealongwithannualmonitoring
ofcombustiblelevelsappearstobesufficienttoensurethatthe2595LFL
criterionwouldnotbeexceeded.Whiletheanalysisdescribedearlierinthis
sectionindicatesthatcombustiblescouldnotreachthe25% LFL level,if
tankC-103wereventedtotheatmosphere,annualmonitoringwouldprovidea
backupcheckofthecalculationswouldidentifya situationwhereoperational
errorsinventvalvesettingshadbeenmade,andwouldidentifytheunlikely
eventofventpathplugging.

7.2.2 Summary of Pool Fire Hazard

The safety basis for a pool fire in tank C-103 is the prevention of ignition of such a fire. As
discussed in Section 6.2, tile ignition of a pool fire for liquids subcooled wit. respect to the
fire point requires the introduction of energy to heat the liquid, and an igniter in the vicinity#,

of the air/liquid interface. An energy input of approximately 1.2 MJ is estimated as a
minimum requirement on the basis of tests 0Vlaletet al. 1983) with fresh NPH-TBP
solutions. Because the organic in tank C-103 has been strippedof the most volatile
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components, it has a higher flashpoint than flesh materials and would have to be heated to
higher temperaturesthen the fresh material tested by Malet (1983). Therefore energy
required in initiate a pool fire in tank C-I03 is probablygreater than the 1.2 MJ cited above.

t.

Under normal conditions, none of the operations described in Table 7-1 have the potential to
ignite a pool fire, and therefore pose no risk in terms of this hazard.

q

Under upset (accident) conditions, each operation needs to be examined for the potential of
introducing an energy of - 1.2 M/into the organic Hquid. An operation-by-operation
discussion is provided in the following section.

To ensure that the pool is not ignited, controls and monitoring that addr,_ssignition are
appropriate. These include the following tasks:

1. Prevent the introduction of energetic ignition sources

2. Prevent the introduction of wicks

3. Monitor waste level to verify that the pool continues to float on aqueous
" supernatantLiquid.

7.2.3 Summary ot Organic-Nitrate/Nitrite
Reaction Hazard in Organic Liquid

The hazardof uncontrolled exothermic reactions in the organic liquid has been investigated
• by adiabaticcalorimetry tests carried out under an overpressure of 400 1b/in2 gauge (see

Section 5.1.4). The absence of significant exothermic activity over a temperature range from
room temperature to 440 °C is evidence thatthis hazardposes no risk. No controls or
monitoring are needed for this hazard.

7.2.4 Summary of Organic-Nitrate/Nitrite
Reactiom in Sludge

T_,c ?roperties of the sludge provide assurance that this hazardposes no significant risk:

_. The sludge is wet: being submerged beneath aqueous supernatantliquid

2. Organic carbon'levels in sludge are too low to sustain a propagating reaction
even under a hypothetical dry condition.

. .,

No controls or monitoring are needed for this hazard.

7-I0
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7.3 HAZARDS A$SF.SS_ FOR SPECIFIC OPERATIONS

In this section, each of the operations listed in Table 7-1 is described in terms of normal and
upset conditions. The focus is on upset conditions and on how such conditions could
e_ate the pool fire hamaxt. As described in Section 7.1, most other hazards do not pose

" risks in relation to identified operation. The one exertion is "passive ventilation"which is
important in relation to head_ deflagrations. This one deflagration/operation pair was
discussed in detail in Section 7.2.1.3 and will not be included here.

7.3.1 Liquid Level Monitoring

Three direct methods for determining the liquid level of the single-sheU tanks are currently in
use: FIC gauge, manual tape, and zip cord.

FIC GAGE

The associated equipment for the FIC systems consists of a plummet suspended on a steel
tape, tape reel, sight glass, control switch, and ports for air purge and water flush. The FIC
gauges are mounted on designated tank risers. The control systems automatically adjust the
tape position so that the plummet repeatedly makes and breaks contact with the waste
surface. The completion of the electrical circuit throughthe plummet gives the reading. The
FIC gauge uses a 110 VAC source which is stepped down by a transformerto 24 VAC.
There is a current limiting resisb_rof 100,000 ohms in series with the plummet.

= MANUAL TAPE AND ZIP CORDS

The manual tape system consists of either reel-mounted tapes, or calibrated insulated wire to
which an electrode has been attached. The reel and spool assembly are permanently attached
to the tank riser flanges, and the insulatedwires (Zip Cords) are inserted beneath the riser
flange cover plate. Readings are obtained by the continuous reading of a portable DC meter

. or by feeling the plummet touch the surface.

A zip cord is an insulated wire to which electrodes have be, n attached and is pre-measured
• and marked. It is similar to the manual tape with the exception that it is not permanently

" attached. The zip cord is lowered througha riser. Contin'_ityacross the electrodes, shown ,
with a portable DC metro',i_a,_ateacontact with the liquid level and the length of cord is
read from the pre-measured markings on the cord. Typical equipmentuses 1.5 volt and less

" than 0.35 milllamp source for determining continuity.
-

mn L _ i i i ii ,, ,, , i i im,l
i i i, i, n
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UPSET CONDITIONS

Shortingout of the FIC's step-down transformercould apply I10 VAC (through the current-
limiting resistor) to the plummet in contact with the organic liquid during level
measurements. Analysis of this fault condition (Scaief 1991) showed the spark energy to be
too small to ignite a hydrogen-airmixture. Becatae a pool fire requires energy additions,
many orders of magnitudehigher than ignition of a flammable H2-atrmixture, the level
measuring devices do not pose a threatfor pool fires.

7.3.2 Sludge-Level Monltorinll

Sludge-level readings use a simple steel doughnut. This is attached to the bottom of a
¢_ibrated tape or wire and is lowered into the tank. When it comes to rest in the sludge, the
tape or wire slackens. A reading is then taken from the reference point, such as the top of
the riser.

UPSET CONDITIONS

The steel doughnut and support tape could be dropped into the tank. Falling objects cannot
heat the organic to the fiashpoint, and hence this operation poses no threat for pool fires.

7.3.3 Temperature Monitoring

Temperature monitoring uses a thermoelectricdevice called a thermocouple. More than one
thermocouple, for readings at varying depths, on a device is referred to as a thermocouple
tree

Typically, a TCT is 3 in. in diameter and 20 to 30 _ in length. All of the thermocouples are
isolated and sealed inside the steel TcT in what is called a thermowell.

ACClDrrCONDITIONS

A lightning strike during installation/removalis the only initiator capable of introducing a
significant amount of energy to the organic layer. Storm warningprocedures (TO-020-270)
and the probability of a lightning strike during installation make the overall probability of
occurrence 4.2E-9 (Farley 1992).

j

In addition to the low probability of a Hghtning strike, the operation envisioned here deals
only with a thermocouple tree that has a repl_le core. Therefore, the lightning arc
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would probably be localized at a site other than the organlc-air interface. It is concluded that
the probability of this accident condition is too low to be considered a credible initiator for a

" pool fire.

" 7.3.4 Still Camera l'hotolpmphy

The system to be used is a standard 70 mm still camera and flash unit mounted in a metal
frame. The system is suspended in the tank by a flexible supporthose containing wiring
going to the camera and flash unit. Power to the flash unit is supplied by a portable
generator on the ground surface above the tank. The wiring is sealed but not intrinsically
safe. The camera and flash unit are manuallylowered into the tank to a level controlled by
an adjustablesafe_y stop (top hat) at the top of the riser. Contaminationcontrol to the
camera system is implemented by lining the riser with a disposable plastic sleeve.

UPSET CONDITIONS

• If the camera was droppedand the safety "top hat" failed, there would be no
electrical sparking at the waste surface, because for the camera to fall to the
waste surface, the electrical cable would have to break, and this would

. disconnect the camera and flash from the surface located electrical power supply.

• The failure of a flash unit, allowing the hot filament to fall to the waste surface,
allows a small amount of energy to be applied to the organic layer
(Van Vleet [1991] estimates 67 J available from a filament cooling down from

' 2000 °C to 180 °C).

• If a "top hat" was not used, the flash unitcould be lowered into the organic
layer. Shorting of connections within the organic liquid could conceivably
dissipate energy from the I 1OVAC supply line and heat the organic l_aUy.

The energy from the first two of these upsets is too small to initiate a pool fire. The energy
from the first two upset conditions is too small to initiate a pool fire. The third upset can be
dealt with by imposing an operationalcontrol that prevents the use of power supply cords
long enough to reach the organic-air interface (see Section 8.2).

7.3.S Video Camera Operatiom -.

- The video equipmentwill consist of a standardvideo camera with pan and tilt capabilities
along with illumination lights. The entire unit is connected to a support stem. The camera
system is supported to a shield plug which limits the length the camera system can intrude
into the tank and maintains tank integrity.

i i i __ i i i, ,nil
l . i , , ,,_ ,
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_Er CONDrHONS

• If the camera support stem tailed, there would be no electrical sparking at the
waste surface, because for the camera to tall to the waste surface, the electrical
cable would have to break, and this would disconnect the camera, pan and tilt,
and light from the surface located electrical power supply.

• The failure of a Usht unit, allowing the hot filament to fall to the waste surface,
allows a small amountof energy to be applied to the organic layer
(Van VIeet [1991]estimates671 available from a filament cooling down from
2000 °C to180'C).

• If a "top hat" was not used, the flash un/t could be lowered into the organic
' layer.Shortingofconnectionswithintheorganicliquidcouldconceivably

: dissipate energy from the 110 VAC supply line and heat the organic locally.

The energy from the first two upset conditions is too small to initiate a pool fire. The _rd
upset can be dealt with by imposing an operational control that prevents the use of power
supply cords long enough to reach the organic-air interface (see Section 8.2).

q.

7.3.6 I'artable ExhausterOperations

Theportableexhauster(nominalI000CFM) ismountedona mobileplatformandis
positionedabovethetank.The portableexhausterusesa 12in.flexibleductboltedtoa tank
riser.

Mostportableexhaustershavethefollowingequipment,inorderofairflow:

- A deentralnertoremovelargemoistureparticles
- A plenumtodirectandcontrolairflow
- A preheatertolowerrelativehumidityintheairstream
- A roughing filter to screenlarge particlesaheadof the HEPA Filters
- Two banks of HEPA Filtersinseries
- A manual damperto regulate airfLow
- A fan/blower(s) to pull air through the system
- A stackto directexhaustair

- An airsamplertocollectrecordsampleofradioactiveparticles
- A continuousair.:onitorwhichdetectsradioactiveparticulatesintheexhaust
- A seslpottocollectn,oisturefromthesystem.

e
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UPSET CONDITIONS
a

Failure of the exhauster could cause sparks and hot components, e.g., bearings. However
these would be exterior to the tank and hence could not initiate a pool fire.

t

"/.3.7 Pit Cover Block

The cover block is a concrete slab used primarilyfor radiationshielding and protection of the
pump or valve pits. Because of their size and weight, these are only removed and installed
with a crane operation using the embedded lifting rings of the cover block.

A cover plate is usually a one-quarter-inchthick steel plate. In waste tankswhere there is a
lower source term, cover plates may be used as a substitute for the cover block to provide
protection to a pit.

UPSET CONDITIONS

Accidental dropping of a cover block into the pit could cause local sparking and structural
damage to equipment in the pit. Such effect would be exterior to the tank and could not
initiate a pool fire. Likewise, dropping of a cover block onto a riser or TCT might result in
fractured materialentering the tank. Such materials would be low in temperature and could
not initiate a pool fire.

7.3.8 Riser Flange and Gasket

Numerous vertical pipes (risen) penetrate the tank dome at difficult depths of the tank.
Common diameters of the risers are 4 in., 12 in., and 42 in.

Gaskets are used to ensure tank integrity at the riser/flange interface. Older gaskets are
asbestos and need to be handled with care.

UPSET CONDITIONS

Removal/replacementof flanges and gaskets could result in dropping accident, generating
local sparks, and the dropping of gasket pieces into the tank, While neither of these

. conditions could _._itiatea pool fire, the droppingof gasketmaterials into the tank needs to
be avoided because such materials could conceivably act as wicks. Wick-like materials are
prohibited from use inside of the tank (Section 8.2).

• l l l , HIll
I, ' lull
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7.3.9 Riser Modltl_tloM

Material additions(such as spools) to raise or lower the flange to accommodate various
equipment are considered riser modifications. Installing plugs or blanks on the riser with the
removal of existing equipment is another type of riser modification considered.

Riser modifications as defined here, do not include physical (._ent) modification to the m

riser itself, such u cutting or welding operations. It only refers to a change in its
configuration.

UPSET CONDmONS

Upset conditions are similar to those described in Section 7.3.8, and similar comments apply.

7.3.10 Waste Sampllu8- Vapor Space

" The typical equipment for vapor space sampling is made up of the gas-sampling probe
assemblyandthe varioussamplingequipment.

A typicalsampleprobehasthr_maincomponents:

I. Sampletubes:0.22or0.5in.innerdiameterTeflon*orTeflon-equivalent
tubing with helical wound stainless steel wire.

2. Sampling riser cover: a one-quarter-inchthick, carbon steel plate with drilled
holes to match the riser flange bolt patternand holes for the sample ports.

3. Sample ports: Stainless steel tubes protrudingthrough the sampling riser cover.
The bottom side is con_Lected:o the sampling tubes. The top side is connected to
shutoff valves and the '_arioussampling equipment.

The sampling equipment usually includes a combustible gas meter, an organic vapor monitor,
and a hydrogen sampling cart assembly. These are attached to the sampling ports once the
sampling riser has replaced the existing riser cover. Samples are obtained by following
standard tank farm operating procedures for the equiprr,ent.

The area around the tank breather filter is sampled for flammable and toxic ga._esat the
beginning of the task. The riser is also sampled for flammablegas when the riser _overis
first removed.

.m
m

ill ill

*Teflon is a trademark of E. I. Dupont Co., Wilmington, DE.

' " , ....._.... '' I.; .... ' _....... ,, ......... ,, .......
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- UPSET CONDITIONS

No upset conditions that could affect the pool.air interface have been identified.

7.3.11 Waste Sampllnl- Liquid

Liquid sampling is a standardtank farm procedure cov,_,ed by WHC document TO-080-030.
A 100 ml glass sampling bottle with a robber stopper is placed in a 2 in. steel pipe sleeve
and manually lowered on a stainless steel wire to the supemate waste. The weight of the
pipe sleeve submerges the bottle. The wire is looped through the top of the rubber stoplm'
and tied to the neck of the bottle. After lowering the bottle to the proper level, a quick jerk
removes the rubber stopper and the bottle fills with liquid. After a bottle is filled, the bottle
is manually pulled to the surface by a worker wearing protective gloves.

A Health Physics technician (HFD monitors the sample line and sample bottle for radiation
as it is retrieved. Before removing the bottle from the top of the riser, the bottle is sealed
with a screw on cap. The sample bottle is lowered one foot into the riser and washed down
with warm water. After shakingoff the excess surface water, the sample bottle is removed
from the riser, checked by the KFF, placed in a plastic bag, and then placed in a protective
container (sample pig). After the pig is checked for radiation by the HPT, the pig is placed
in a shipping container for transportof the sample to an analytical laboratory.

, UPSET CONDITIONS

Because this operation involves removal of a riser cover, accidents inw_lvingdropped objects
could occur. Dropped objects of ambient temperaturecannot initiate a pool fire.

7.3.12 Waste Sampling- Push-Mode Core

The core sample truckhas a rotaryplatform mountedon the rear of the truck. Two sets of
equipmentare mounted on the rotary platform. One set is the shielded sample receiver unit
that functions to place empty samplers into and remove full samplers from the drill string.

-. The other set of equipment is the drill unit that functions to push the drill string and sampler
into the materialbeing sampled. A control console and electric hoist are also mounted on
the rotary platform. The following p_'agraphs briefly summarize the sampling procedure.

qt

The core drill truck is positioned over the riser of interest. The truck is leveled and the riser
adapter, spray washer assembly, and pneumatic foot clamp is installed. The pneumatic foot
clamp provides one of the physical restraints to prevent the drill string from being dropped
into the tank during installation and removal of the drill string.
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To penbrm the sampling, the first core sampleris _qu'ted into the drill strinl core barrel.
The drill string is attachedto the corebarrel and then extended a section at a time. The drill
string is lowered into the tank us/nil the hoist, the pneumatic foot clamp is activated to
physically restrain the drill strinil, and the hoist is disengaged. Then a new section of drill
strinil is threadedonto the existtnI drill strtnil, the hoist is reitt_hed (provtdtnila physical
res_,t to droppinil the drill string), and the foot clamp is dlsenilaged. This continues until
the sampleris just above the surface of the wute. The drill unit is attached to the drill
strinil. The drill unit then pushes the drill min8 48 cm (19 in.) into tiw wa.sW. A rotary
valve is closed at the bottom of the sampler, hydrostaticfluid is added inside the drill suinil,
and the drill sctnil is detached from the drill unit.

The platform is rotatedsothatthe shielded receiver is over the drill strin8. The sampler is
raised into the sh/elded receiver. A ball valve is closed at the bottom of the shielded
receiver. A kamlock cap with an absorbent sponge is attached to the bottom of the shielded Q

receiver. The platform is rotatedto position the shielded receiver over the empty u'ansfer
cask. The kamlock cap is removed and the sampler is lowered into the transfercask. A new
sampleris placed in the corebarrel. The total process is repeated until a full core sample is
achieved.

e

UPSET/ACCIDENT CONDITIONS

• Gasoline spill from sampling truckwhich leaks into the 241-C-I03 and is ignited.

• Lightninil strike durinil operation, removal and installation of the push-mode
-_ samplinS truck. Storm warninil procedures ('I"0-0'20-270)and the probability ofo

a lightning strike during installation make the overall probability of occun_nce
4.2E-9 (Parley 1992).

Both of these accidents have potential for initlatinil a pool fire. The probability of a
lightning strike is known to be low, as referenced above.

The fuel spill accident has been analyzed (see AppendixE) and could not be; ruled out as a
credible event. Mitigating controls have been initiatedto reduce the probability of
occurrence by two orders of magnitude (Section 8.3). Ensuring that vehicles entering the
area use propane, have fuel tank skid plates, or are high enough off of the ground to prevent .
contact with the tank risers reduces the probability of occurrence to less than 1 x 10_
events/year.

7.3.13 Addition of High-Level Waste

The several pits and associated piping were desighed to allow the transfer of waste to and
from the tank. The destinationis determinedby the arrangementof jumpers (flexible piping)

me,
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between the existing undergroundlines. Normally, when mmsfers have beertcompleted or
. tines ire inactive, the ends are capped off, isolal_g the tines.

• Transferringof waste is only made during the interim stabilizationof the single-shell tanks.
• When a transfer occurs, waste is moved from a single-shell tank and into a double-shell tank.

The transfer of waste into a single shell tank is prohibited with administrativecontrols in
place to preclude this from occuzdnll.

Before making a transfer of waste, it is required to pressure test the lines that will be used to
make the transfer. Tanks where waste is not to be transferredinto are blank off (isolated)
using standardtank farm procedures. The lines are pressurized and need to maintain
pressure for a given period of time. The configuration of the transfers lines remains
unchanged until a/_ the transfer is completed.

CONDmONS

While no specific upset conditions have been identified, the addition of flammable, low
flashpoint organic liquids should be prevented, Such wastes could make the pool easier to
ignite, and should be precluded by imposed controls.

7.3.14 Small Volume Water Additions

Small volumes of water may be introduced into the tank for various flushing operations (dip
tube, pump, pit). Water is also used to decontaminateoperations such as liquid sampling.

The water amount is strictly controlled and monitored thl_ugh standardtank farm
procedures.

UPSET CONDITIONS

. No upset conditions related to pool fire initiation have been identified.

7.3.15 Breather/Sorbent Beds
t

High efficiency particulateair _EPA) breatherfilters have been installed on all sir_ .*-shell
underground waste storage tanks. The HEPA serves to filter out radioactive particles. Two

' Sorbent beds have been installed on tank C-I03 downstream of the HEPA filter. One of
these filters serves to organic vapors and the other one traps ammonia.

Isolation valves are installed between the filter and the tank to maintain integrity of the tank
during maintenance of these filters.

I II II _ I II II I Illll I -- II II Illll Ill I I - Ill Ill ! IIIll_,.__ II " --
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UPSET CONDITIONS

Plugging of this filter train could impair ventilation caused by atmospheric pressure
variations, if purge air were terminated. Any reduction in ventilation flow could impact
deflagration hazard as discussed in Section 7.2.1.3. A monitoring requirement for
combustible gases (see Section 8.1) limits combustibles to 25% of the LFL and thereby
prevents filter train plugging from becoming an accident initiator.

No upset conditions related to pool fire initiation have been identified.

° •

i
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8.0 CONTROLS AND MONITORING REQUIRED
FOR SAFE INTERIM STORAGE

On the basis of the hazards assessments described in Section 7.0, the following controls and
. monitoring requirements are prescribed. Equivalent controls and monitoring to preclude

headspace deflagration or pool fires that meet or exceed those described below are
acceptable.

8.1 CONTROLS AND MONITORING RELATED TO
HEADSPACE DEFLAGRATIONS

The safety basis for this hazard is to maintain combustible species concentrations (the total of
all species) below the LFL. This will preclude the occurrence of a headspace deflagration.
To provide a margin of safety, the maximum acceptable concentrationof combustible species
is specified as 25 % of the LFL in conformance with NFPA 497A (NFPA 1986). Available
information on how combustible species may be generated and removed from headspace air
indicates that the 25% LFL targetcan be met by imposing minimal controls, and therefore
that headspace deflagrations can be precluded.

As discussed in Section 7.2.1, the organic Liquidcan add significantly to headspace
combustibles 0nly if the liquid is heated significantly above currenttemperatures. None of
the operations described in Section 7.0 can significantly heat the organic liquid. Therefore,
no controls are needed to prevent the organic liquid from becoming a credible deflagration
hazard.

The equilibrium concentrationof combustible species produced by radiolysis and other first
order reaction kinetics is directly related to the headspace ventilation rate. Controls and
monitoring are needed to make sure that ventilation is sufficient to prevent the buildup of
radiolytic species to higher than 25 % of the LFL.

Either of the following operational controls and monitoring requirements is deemed to be
sufficient to preclude a headspace deflagration during interim storage.

1. The headspace air in tank C-103 shall be monitored on a semiannual cycle to
verify that combustible concentrationsare at or below 25 % of the LFL, or

2. Tank C-103 shall be vented directly to the atmospherethrough its own breather
vent and combustible concentrationsshah be monitored on an annual cycle to

• verify that combustibles remain at or below 25 % of the LFL.

8-1
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8.2 CONTROLS AND MONITORING RELATED TO
POOL FIRE INITIATION

The safety basis for potential pool fires in tank C-103 is to prevent their initiation. This
approach is technicatly feasible because a pool fire in this tank would, at present, be difficult
to initiate. The foUowing controls and monitoring requirements are deemed sufficient to
prevent the initiation of a pool fire in tank C-103 during interim storage.

1. Fire, flaming objects, or hot materials (T > 120 °C) shall not be permitted in
the vicinity of an open riser. In the vicinity means that there is a credible chance
that the prohibited material could enter the tank through an open riser. The
objective of this control is to preclude the introduction of igniters at the pool-air
interface. The prohibited materials do not include small filaments included in
fighting or electronic equipment because such filaments are both small and
enclosed within solid boundaries.

2. Electrical equipment used in tank C-103, such as flood lights and cameras, shall
be suspended by electrical supply cords whose length is too small to permit the
equipment or its supply cord from approaching within 5 ft of the pool surface.
This control is imposed to avoid the possibility of electric power dissipation in
the vicinity of the organic liquid-air interface.

3. Porous materials which could serve as wicks for a wick-stabilized flame shaU be
prevented from entering the tank. The objective of this control is to minimize
the presence of wicks at the organic-air interface. As described in Section 6.0, a
wick-stabilized flame is easier to ignite than a fire on an open pool. This
prohibition does not apply to equipment or processes that may be used to remove
the organic liquid from tank C-103. The risk posed by wick-stabilized fires
would have to be evaluated for any removal process that employed porous
wick-Likematerials.

4. Waste surface level (organic or aqueous) shaft be monitored. As noted in
Section 7.0, one of the factors that makes the pool difficult to ignite is that it
floatsonseveralfeet of water. If the water were to leak,allowing the organic to
float directly on sludge, pool fire initiation would have to be re-evaluated.
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5. Vehicles operating at grade level over tank C-103 must employ fuels or fuel tank
protectionthatgreatlyreducesthechanceforanaccidentinwhichignitibleliquid

" fuel could enter tank C-103. Controls that have been evaluated as acceptable
include any of the following.

" • The vehicle must be propane fueled.

• Thevehiclemusthaveaprotectiveplate(skidplate)protectingthefuel
tankandanyreservoirtanksfromcontactingrisersprotrudingabovegrade.

• The fueltank(andanyreservoirtank)mustbephysicallylocatedata
heightgreaterthanthehighestriserthatwouldimpacta tanklocatedata
lowerlevel.
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• TANK 241-C-103 ORGANIC LAYER FLAStII_INT

" A.l INTRODUCTION

i

An importantparameterdescribing the flammabilityof the organic layer in tank 24 l-C-103 is
its flashpoint. The flashpoint is the temperatureat which vapors (in equilibrium) above the
layer attain incipient flammability. In practice, this means that a pressure rise indicating
non-negligible combustion is observed when an ignition source is applied above a heated
liquid sample. The vapor composition at incipient flammability is defined as the lower
flammability limit (LFL) and the flashpoint is therebya point on the vapor pressure curve of
the substance. Indeed, since the LFL is observed to decrease with increasing temperatureat
constantpressure (here assumed to be I arm), the flashpoint is the intersection of the LFL
concentration curve as a function of temperatureand the vapor concentrationcurve.

Experimental determination of the flashpoint is difficult for mixtures similar to the C-103
organic layer for reasons like the presence of compounds with widely varying vapor pressure
and flammabilitycharacteristics which will be discussed below. However, the definitions
above allow theoretical prediction of the flashpoint. This appendix will present existing
flashpoint data for TBP and NPH, and provide analytical predictions for their mixtures and
the C- 103 layer.

A.2 FLASHI_INT DATA OF PURE COMPOUNDS

The flashpoints and LFLs of NPH compounds formerly and presently comprising the C-103
organic layer are correlated by the U.S. Bureau of Mines (Kuchta 1985) by means of the
following two equations:

Tt(n) -- _/10410n - 2773 (A-l)



WHC-SD-WM-SARR-001 REV. 0

i

i i i i i

1 10410n + 3365 (A-2)
_'_= 77291

where:

n = Carbon number (I0 = decane, II = undecane, etc.)
T_n) = Fluhpoint,°C

L(n) = LFL, volume %, at Tf(n).

Since the LFL will decrease nearly linearly to zero at about 1300 °C, the LFL may be
conservatively modified for this effect by the following equation:

' I max(0, T - Tt(n)) (A-3)LiT,n) = L(n)I - 1300 - Tf(n)b

where:

T = Temperature, °C, and
max(a,b) = Maximum of the two arguments.

In practice, the denominator of the modifying fraction may be simplified to 1000. The
fl_hpoints and LFL is calculated by means of Equation (A-l) and Equation (A-2)
respectively for n = 10 to 14 are listed in Table A-1.

Table A-1. Flashpoint and LFL of Selected NPHs.

Compound Carbon number (n) Flashpoint (Tr, °C) LFL (volume %)

Decane 10 47.7 0.719

Undecane 11 63.2 0.656

Dodecane 12 77.5 0.602 .....

Tridecane 13 92.5 0.557

Tetradecane 14 103.8 0.518

,t
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Vapor pressures for these NPH compounds may be estimated from the three-parameter
• , Antoine equation:

lostoP " A - B/(T.C) - logto760 (A-.4)

where:

P " Pressure, atm
T = Temperature, °C

and A, B, and C are constants for each NPH listed in Table A-2.

Table A-2. Vapor Pressure Correlations for NPH and TBP.

..... Component A* B* .... c*

'Decane,'C/oH_ .......... 6194365 1495.17 i'93.86

undecane, C,,H_ 6197220 1569.57 187170

Dodge, C12i-I_ 6.99795 1639.27 '181.84

Tridecane, CI,H2s.......... %00756 .....i690.67 174.22

Tetradecane,C,,H3o 7.013 1740.88 .... 1.67.72
ii i i i ill NI iiiii n i n n i nun

TBP, (C4H_OhPO 8.527 3173.0 273.16
,,,

•NPH vapor pressure constan_from Dean i1985)

The TBP vapor pressure curve may be estimated using the reported values of 289 °C for its
normal boiling point and a vapor pressure of 0. I mmHg at 60 °C (Gerber 1992), yielding
Antoine constantsin Table A-2. Using this vapor pressure correlation, the LFL for TBP is
4.57% at the measured flashpoint of 181 °C (Pool and Bean 1994).

For reference, volume concentrations of the NPH compounds and TBP near 100 °C are
listed in Table A-3. Note that these compounds almost follow the rule of thumb that vapor
pressures double with a 10 .'C temperature rise (i.e., a factor of 8 in pressure is manifest
overa 40 °C temperaturerange).

i, i lu i ii i,, i ,,,, i ,,,i, i ,,,m,l,lHI ,,, i i
,i n n, i I i ,,,
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Table A-3. CalculatedVapor Concentrations for NPH and TBP
at 80 °C, 100 °C and 120 °C.

......... Vapor_ncentrafion,

Compound volume%
s0oc10o.Cnooc

i i i i ,i

Decane....... 4.0 9.4 20.

TJndecane ........... 1.7 4.3 9.8

iDodec_e ...... 0.72 2.0 4.9
i i i i i i ii,,i| i

Tridecane 0.30 0.92 2.4

'2;e_ecane ........... 0.13 0.43 ....1.2
i ,i i ,,,i ,,,,,,,

TBP 0.046 0.14 0.38 •
....... i _ ,......

A.3 FLASHPOINT CALCULATION FOR NPH-TBP MIXTURES

Using LeChatelier's law (Kuchm 1985) for the LFL of a vapor mixture the flashpoint of an
_. NPH-TBP mixture is given implicitly by

1 = __ Yt Xl Pt(Tr) (A-S)
I-"t Ll(Tt)

where:
..

Tr = Fl_hpoint, "C
71 = Activity coefficient
X_ = Mole fraction
Pl = Vapor pressure, arm
L_ = LFL, volume fraction

and i = I to 5 are the NPH components mentioned above and i = 6 is TBP. Note that with
a total pressure of P = I arm, and Pi also in arm, Pi are numerically equal to concentration
in mole (volume) fraction.

.e

° ,o
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A.4 IDEAL FLASHPOINTS FOR THE C-103 LIQUID SAMPLE

TableA-4 recaststherelativeweightfractionsandmolefractionsfoundintheC-I03liquid
" samplelistedinTable5-Iofthemainbodyofthisreportusinga combiningmethodas

follows.

qt

Table A..4. C-I03 Sample Analysis, Adjusted Fractions.

.................. percen .......Compound Weight percent Mole t
i i iii ii. i ii H

TBP 66.6 58.3

vod  . e 5.6 .................. 7.7
Tridecane ............. i7.i........ 2210 '

Tetradecane 10.3 .....................12.1

Volatile alkanes found between major NPHs were lumped with the next most volatile NPH,
and dibutyl butyl phosphonate (DBBP) was lumped with TBP.

The ideal flashpoint of this composition is 106 °C (223 °F). Note that the flashpoint is
controlled by the NPH components. For example, artificially employing 150 °C (°F) for
the TBP flashpoint (versus 181 °C) yields a mixture flashpoint of 105 °C, (oF) only 1 °C
(°F) lower.

A greater impact is made by the use of the relative mole fraction. If mole percents of
Table A-4 are multiplied by 0.74 to account for the involatiles in the sample, then the ideal
flashpointofthemixtureis111°C usingaTBP flashpointof150°C (°F).

The impactofconservativecombiningmay becheckedbyinsteadcombiningunidentified
alkaneswithlessvolatileNPH. The weightpercentsfortheNPH compoundsofTableA-4
become3.8,17.3,and 12.2(startingwithdodecane)underthisscheme.Alsoinvokingthe
factorof0.74toaccountforinvolatiles,andusing181°C (°F)fortheTBP flashpoint,the
C-I03organiclayerflashpointis114°C (237oF).

Inconclusion,theidealorganiclayerflashpointiscalculatedintherangeof105°C (221°F)
to114°C (237°F).

m

A.$ NON-IDEAL FLASHPOINT FOR THE C-103 LIQUID SAMPLE

, Vapor concentrations measured above heated C-103 organic liquid samples (Pool and Bean
1994) may be compared with the correlations used above to yield effective activity
coefficients for each compound. The activity coefficient of a compound is the ratio of
observed to ideal vapor concentrationusing the mole fractions assumed in Table A-4 above:

A-7
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' Yt " P_dm R (T+273) (A-6)
p, cr)Mw,to'

b

where:

P_ - Concentration, mg/L, observed
R = 3.314, ideal gu constant
T - Tcml_rature, °C

MWt = Molecular weight
10s = Conversion of arm to Pa

The observed data and derived activities are listed in Table A-5.

Table A-5. Observed Vapor Concentrations(mg/L) and Derived Activity
Coefficients for C-I03 Liquid Sample Vapors,

compound 40 _C 70 °C_....... 100 "C

- Dedecane 0.32, 112 2.4, 1.3 13.8, I16

Tridecane .... 0.46, 1.7 4.2, 1.8 1812, 1.5 .....

Tetradecane 0.22, 4.2 1.2, 2.2 6.4, i19

_ TBP ..... 0.14, 0.72 0.78, 0.57 8.4, Z.2 ....
i i ..... i i ,. i ,

Using these non-ideal activities at 100 °C, the C-103 sample flashpoint is predicted to be
96 °C (205 °F). This is a minimum possible value, taking 150 °C for the TBP flashpoint
and us;rig the Table A-4 compositions.

A.6 POTENTIAL CHANGES OF THE C-I03 ORGANIC LAYER FLASHIK)INT

The flashpoint of the C-103 organic layer may change with time because of evaporative
losses of individual compounds. Referringto Figure A-1, if the NPH-TBP mixture behaves
nearly ideally, then volatile NPR components will preferentially evaporate, the remaining
liquid will always become richer in TBP, and the flashpoint will increase with l_ne. Note
that according to Burger (1984) TBP is completely miscible with most organic solvents.

A-8
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If the NPH-TBP mixture lurean azeotm_, the same processes u in the ideal case will occur
for mixtures richer in TBP than the azeotropiccomposition. For mixtures leaner in TBP
than the aZeotropiccomposition, vapors would actually be richer in TBP than NPH but again
the flashpoint could only increase with time. Because measuredvapors above the C-103
liquid sample are richer in NPH than TBP, while the sample itself is richer in TBP than
NPH, it is clear that the C-103 layer behaves either like a nearly idea/system or like an
azeotropic system richer in TBP than the azeou'oI_. In either case, the flashpoint of the
mixture can only increase with time.

This conclusion may be independentlyconfirmed by examining PHI, data on NPH-TBP
mixture flashpoints Pool (1994). Referring again to Figure A-I, near-idealbehavior is
associated with a monotonic increase in the flashpoint as the higher boiling point component
O'BP)is addedto thelowerboilingpointcomponent(I_PH),andthe flashpointis skewed
toward that of the lower boiling point component. An azeotropic system with positive
deviations from ideality and a boiling point depression as illustrated would display weak

' variation in the flashpoint as the higher boiling point component is added until that
component has a high mole fraction in the mixture; there may be a minimumin the
flashpoint at the azeotrope. We may thus determine whether NPH-TBP systems conform to
the ideal model by applying an ideal model and comparing the implied flashpoints with the
data.

Although the exact composition of the NPH used by PNL is not known, the effective activity
of all NPH compounds taken together may be judged using the PNL data. Deviations from
ideality of TBP are moot due to its small vapor pressure and its negligible effect on the
flashpoint for the TBP concentrationof interest. The vapor pressure manifest by the NPH
may be assumed to double approximatelyevery 15 °C so the vapor pressure law for NPH in
the vicinity of the flashpoint may be written as

P/l'o - 2('m_ (A-7)

where

P I Vapor pressure
Po -, Vapor pressure at the flashpoint
dT - Temperaturerise above the flashpoint of a pure SPH mixture

The vapor pressure manifest by NPH above a solution containing TBP may be assumed equal
to Po at the fla_point ,ff the solution because TBP contributes negligibly to flammability,
therefore

.,,t

Po - lht (A-8)

..................... _ i,,..... ",' '-', i,i ii : iii I..............iiii
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where x is the mole fraction of NPH. Putting these together, if the solution behaves ideal/y,
the flashpoint should rise with decreasing _H concentration:

dT - -15 ln(x)/h:l(2) (A-9)

e

If the solution behaves nonideaUy, an activity coefficieat, 7, for NPH may be found given
V "measured dT and mole fraction pairs by replacing x with the product 7 x abo e.

tly - x 2('mu) (A-I0)

Because the flashpoint of pure NPH measuredby PNL was about the same as that of pure
dodecane, the volume fractionof NPH cited by P_L may be convened to a mole fraction
using formula weights of 170 and 266 for N'PHandTBP respectively, and densities of
750 kg/m3 and 975 kg/m3 respectively. Applying this technique to the measured flashpoints

" yields the data in Table A-6 and Figure A-2.

Table A-6, NPH-TBP flashpoint variationwith composition, observed and calculated. "dT,
PNL" is the measured increase in flashpoint with added TBP, "dT, ideal" is the ideal
increase predicted by (3), and 7 is the activity coefficient from (4) using x and "dT, PNL"
datapa_.

Table A-6.

Voi%TBP MoI% NPH dTi PNL dr, ideal_ 7,implied

..... 10 91.5 8 1.9 0.76

20 82.8 11 4.1 0.73

.... 30 7317 t3 6.6 0.74
|Ill I IllJl I Ill

40 64.4 18 9.5 0.68
IlL_ _ _ r .... ill I I i III1[

• 50 54.6' 20 t3.t 0.73

.........60 44.5...... 26 - i7.5 0.68

., _ i.t II IIII II IIUlII . I I

70 34.0 32 23.3 0.67
.. t tl | tt jR t

80 . 23.6 40 31,2 0.67
._ ill ,, , , ,, ,,.,,, , ,

The resultingdeviationsfromideaUtyarerelativelysmallandconsistentfortheTBP-NPH
system.The activitiesarebelowunitybecausethetemperaturedifferencefortheflashpoint
ofpureNPH anda solutionwithI0% TBP. 8 'C.ismuchgreaterthanthetemperature
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difference of the flashpoints for the next 10_ TBP increments, 3 °C to 5 °C. Even though
• the derived activity coefficients imply negative deviations from idea/ity, this process merely

demonstrates that the N'PH-TBPsystem behaves as expected using a near-idea/solution
model..e

Figure A-2 compares the fla_point temperaturerise measured by PNL with the calculations
, based on ideal behavior and employing a constantactivity coefficient of 0.7. Clearly the

flashpoint variation with composition behaves as expected for a nearly ideal system.

The long-term implication of this evaluation is that the flashpoint of the C-103 organic
material is expected to monotonically increase as the materialages (i.e., as more volatile
N'PH low ends preferentially evaporate). Therefore conclusions drawn from the current
measured flashpoint dataand flashpointcalculations will be applicable in the future.

A.7 SUMMARY

The C-103 organic layer calculated flashpoint lies between 96 °C and 114 °C. The C-103
material behaves nearly ideally, exhibiting slight positive deviations from ideality which
lower the calculated flashpointbelow its ideal value. However, flashpoint data are consistent
with ideal behavior. This flashpoint can only increase with time due to evaporative losses.
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ADIABATIC CALORIMETRY OF C-103 ORGANIC LIQUID
LETTER NUMBER 9450575
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9450675
January 28, 1994

Dr. Roger N. Bean, Manager
Pactftc Northwest Laboratory
Post Offtce Box999
Rtchland, Washington 99352

Dear Dr. Bean:

ADIABATICCALORIHETRYOF C-103 ORGANICLIQUID

References: (1) cc:Matl, Dr. R. M. Beanto Distribution, "RSSTof C-103
Organtc Liquid," dated December8, 1993. (Attachment 3)

(Z) 0. a. Bechtold, September16, 1991, "Laboratory Test Plan
for Adiabatic Calorimetry of Single-Shell and Double-Shell
Tank Waste," WHC-SO-WM-TP-104,WestinghouseHanford
Company,Rtchland, Washington.

(3) D. L. Herttng, eL al., August 20, 1992, "Laboratory
Characterization of S_mplesTaken tn December1991 (Window
E) from Hanford Waste Tank 241-SY-I01,"
WHC-SD-WH-DTR-O26,Rev. O, WestinghouseHanford Company,
RJchland, Washington.

In response to Reference 1, thts letter reports the results of adiabatic
calorimetric analysis of a sample of organic ltquid taken from Hanford waste
tank 241-C-103. Results indicate the sample possesses a faintly perceptible
self-heating tendency above 230 C whenmaintained as a ltqutd by high
pressure. Subsequentgeneral boiling completely tempers and absorbs thts
tendency. The ftnal stages of unbotled residue decomposition yteld only a
small and short-lived self-heating event.

The sample was delivered to Process Chemistry Laboratories on
Oecember16, 1993 beartng the identifier X-16. Three alJquots of the sample
were analyzed as-ts andwtthout further treatment. The adiabatic calorimetry
analyses were performed ustng a Fauske & Associates, Inc. RS$'. The
instrument and the procedures for tts use are described tn Refer_nce 2, whtle
the documentationof the tests ts recorded tn notebooknumber
WHC-N-442-1. The methodologyfor Interpretlng each test result largely
followed that described tn Section 4.2 and Appendix B of Reference 3.

The instrumental output consists of computer-logged time, temperature and
pressure data, which are graphed in various ways and interpreted. Five such
graphs are Attached (Attachment 2) for each of the three analyses performed.

' ' .... '" , ........ ,.... - ' _
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or. R. H. Bean 9450S75
Page 2

. January28, 1994

Starting and ending values of temperature and pressure and weight are aiso
• read and recorded for the purpose of determining total production of

noncondenstblegas during an analysis. These and other calculated data are
presented in the attached tables (Attachment 1).

A narrative interpretation of each sample analysis, based on these
attachments, follows.

Test 93122?

An aliquot of 9.89 gramswas loaded into the sample holder along with a
TeflonO stir bar and sealed in the RSSTcontainment vessel. The containment
was flushed three times by pressurizing to 400 pstg with nitrogen followed by
venting to ambient. Then 391 pstg of nitrogen was added and containment was
sealed for the run at a nominal heat rate of 1 C/man. Figure 1, Attachment 2
plots temperature, heater power and heater offset vs time for this test.
Heater power is instrument-controlled to balance heat losses from the sample,
and hence always rises with sample temperature, while the heater offset
represents additional power added by the instrument only when the selected
rate of temperature rise is not being achieved. Offset is generally triggered
by endothermtc events which depress the temperature rate, and once applied, is
never removed, even whena sample subsequently increases the temperature rate
by suffering a reduction in heat capacity or by undertaking to self-heat.

This particular run was terminated prematurely due to computer Failure.
Nonetheless, Figures 1 to 5, Attachment 2 showthat nothing of consequence
occurred in the sampleuntil approximately 180 C, where a slight endothermtc
modulation of the heat rate brought on more heater offset. After that, an
onset of general boiling occurred at 205 C, causing a raptd cooling of the
sample and large increase in heater offset. Figure 2, Attachment 2 showsa
drop in containment pressure corresponding to this cooling, as boil off and
subsequent condensation at the containment walls acted to remove heat from the
sample faster than the heater could provide it For about 20 minutes.

Figure 3, Attachment 2 reflects these events by showing a dip in the rate ofo

temperature rise at the small endothermand a large drop to negative values at
the incidence of boiling. Figures 4 and 5, Attachment 2 are used to derive
the actual uncondensedvapor production from the temperature and pressure
data, removing the contribution of temperature increases from the pressure

" rise. The calculation is based on the assumptionof steady state temperature
gradients in the containment vapor phase, which temporarily loses validity
during rapid temperature changes and large condensation events.

® Teflon is a trademark of E.I. Du Pont de Nemoursand Company.
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Dr. R. M. Bean 9460676
Page 3
January28, 1994

The entries in Table 1, Attachment 1 for this test indicate that net gas
production was so low tt was actually exceededby slow leakage (overnight)
from the containment. The entries in Table 3, Attachment 1 based on these
data conftm it. The calculations in Table 3 based on the logged data are
less prone to slow leakage, and tndtcate a very sparse gas production. The
net weight loss of the sample holder was due largely to boiloff of condensible
solvent.

Nowherein the test run is there any evidence of a self-heating event. The
tabulated data of Tables i to 3, Attachment 1, for this sample also indicate
that net gas generation was also very modest.

Test 931228

As shownin Ftgures 6 to 10, Attachment 2 this test was run at a slightly
higher starting pressure of 398 pstg nitrogen; otherwise the test parameters
were substantially those of the previous run. Here, the slight endothermtc
modulation in temperature rate occurred at 230 C, and the suddenonset of

- general boiling at 298 C. In between, the increased offset caused by the
endothermrecovered the temperature rate and increased it slightly to
approximately 1.8 C/mtn, as shownin Figure e, Attachment 2. On top of the
increased rate, however, is a slight acceleration in rate which reached
3 C/m_nbefore being obliterated by the general boiling. This acceleration is
interpreted as a self-heating event.

The boiling onset was causedby suddenbumpingof superheated liquid, because
the containment pressure at first rose rapidly before declining to a value
reflecting transport of vapor to the cooler containment walls. The boiling
called for a large increase in heater offset, which then drove the reduced
liquid massto higher temperatures at an increased rate of approximately 7
C/mtn, until another endothermwas encountered at 380 C.

After this secondendothem, it is clear that a sharp self-heating event was
in progress by 400 C, which was exhausted by 430 C. An apparent general
cooldowntowards a lower temperature was the final event, causedmost likely
by there now being too little liquid or vapor left in the sample bulb to
maintain thermal contact with the thermocouple. Post-test observations
indicated no liquid was left in the bulb, rather it was condensedon the
inside walls of containment and also soaked into the bulb insulation through a
crack in the bulb. Onl_ somechar was left inside the bulb, and the stir bar
was unrecognizable. St_ce the pre-test and post-test weights of the sample
are based on a tare weight of bulb plus insulation, the quoted percentage
weight loss in Table 1, Attachment 1 does not accurately reflect the loss of
solventwhich findsits way intothe insulation.

The entriesof TablesI and 3, AttachmentI for thistest indicatea modest
totalgas production.Figures7, 9 and I0, Attachment2 indicatethatmost of
the productionwas associatedwith endothermlcevents.

ii i
i i i i
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Or. R. td. Bean 9450575
" Page4

. January 28, 1994

The two events assigned to self-heat|ng for this test are characterized in
• Table Z, Attachment 1. The correction factor _ for organic ltqutd from tank

C-103 ts estimated to be 1.05, based on the specific heat of 0.47 for
kerosene. Both events are apparently triggered by precursory endothe_,s, and
both are small in extent.

Test 931229

Th|; ftnai test provided results stmilar to the preceding run, albeit at
slightly different temperatures. Post-test examination of the sample revealed
the samechar and the absenceof ltqutd tn the sample bulb, which in this
case, was intact. Again, there was organic condensate around the containment
surfaces. As Figures 11 to 15, Attachment 2 show, the self-heat results are
once again modest, so modest; tn fact that the entries tn
Table 2, Attachment 1 suffer from lack of precision for both this and the
previous test. It did not appear worthwhile to attempt to extract Arrhenius
parameters for any of the self-heating events.

: After three sample runs, the general conclusion reached by these analyses is
that the C-103 organic liquid ,as not seen to self-heat below 230 C at high
pressure, and that if it does, the temperature and gas production consequences
are small.

Please do not hesitate to call me, if you have any questions on this matter.

Very trulyyours,

O. B. Bechtold,PrincipalScientist
ProcessChemistryLaboratories
FacilityOperations

dls

Attachments2

RL - S. O. Branch
R. O. Puthoff(w/oattachments)
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13] From: RogerM Sein it "PNL4012/8/g3 2:04PH (1310 bytes: 1 ln)
o: glrty 6 Plys it klHClSO,Oivtd 8 (Dive) hchtold it "gHC168,
Randtll 0 S¢heele it "PNL26,John M Gr|gsby it "WHC150,Arl|n K Postmt it
MHCISO,Olv|d A Turner at "gHC129,Kit1 H Pool it "PNLS6,Joe] M Ttngey it

"PNL26,Jimes A Campbell
Subject: RSSTOF C-I03 ORGANICLIQUID
.............................- - Messige Contents

I_ ll_l__l_l_i

After consultation wtth Rindt11Scheele of PNL, ! hive developed a tentative
RSSTtest plan for the organt¢ phase of C-103.

SAMPLES:
1) lO-mL dupl|clte runs of C-103 organt¢ 11qutd, "as-ts" from

container.

2) lO-mL run of surrogate 11qutd consisting of TBP and NPHIn the
proportions detemtned from inaiysts.

CONDITIONS:
INITIAL TEHP= RoomTemp
TEHPRATE - 1 deg/mtn
FINALTEHP- LZHIT OF TESTAPPARATUS

INITIAL CONDITIONS:Sampleunder nitrogen, |n sealed system

PLEASECOHHENTONTHIS TESTPLAN. NOTETHESERROGATECOHPAR]SONSAMPLECANNOT

BE PREPAREDUNTIL ANAPPROXIHATEANALYSISOF THEORGANICLIQUID [S OBTAINEDBY

GC/HS. LOGISTICSHUSTBEDEVELOPEOTO ENSURETHATAT LEAST25 ML OF SERROGATE

IS PREPAREDANDOELIVEREDTO OAVEBECHTOLDIN A TIMELYFASHION.

THANKYOU

BEAN
o

!1 i. iii1 i __ I I _ II IIII II IIII I IIII1 II I I IIIIII!11 J L. - i
.............. i illlll i i Illllll I II1 II I IIIII I _] I I Illll I _ -- II
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APPENDIX C

ANALYSIS OF CORE AND AQUEOUS SUPERNATANT
.- WASTE SA/V'_LES

- C.1 ANALYSIS OF AQUEOUS _ATANT S_

Duplicate samples of the aqueous supenmtant liquid in tank C-103 have been analyzed for
major components (Edrington 1991) and results are listed in Tables C-I and C-2.

Inspection of the data of Tables C-I and C-2 shows the solution to be mainly sodium nitrite
and sodium sulfate at a pH of 9.5. The concentrationsof nitrite and sulfate, expressed in
terms of moles per liter amount to 0.7M and 0.3M respectively. As compared to many
HartfordSite wastes, tiffs solution is quite di/ute, and is relatively high in sulfate.

C.2 ANALYSIS OF SLUDGE SAMPLES

The sludge in tank C-103 has been characterized by analysis of two push-mode core samples
taken in 1986. Results are documented in the report of Weiss and Schull (1988).

Observation made during the sample unloading procedureare listed in Table C-3.
Comparison of the two cores indicates that Core No. 1 contained solids over the bottom three
segments (56 in.) whereas in Core No. 2, solids were present in only the lower two segments
(37 in.). Also of interest is that relatively little organic liquid was recovered in the top
segment. If the volumes of organic and aqueous liquids recovered are assumed to be
proportional to depth, then Core No. 1 indicates the organicliquid depth to be
11.2 in. x 81102 = 0.88 in. and Core No. 2 indicates the depth to be
12 in. x 25/181 = 1.66 in. These depths inferred from core samples are significantly
smaUer than the depth inferred from the volume of organic liquid thought to have been
pumped from tank C-I02 (-- 13-in. based on 36,000 gaD.

The &-pthsof organic liquid indicated by the 1986 core sampling effort (0.88 in. and
1.66 in.) are of the same magnitudeas the depth (1.5 in. to 2 in.) measured in a recent
sampling effort (Huckaby 1994).

Risers R-2 and R-8 are both roughly 5 fl from the wall of the tank but are on opposite
, quadrants. Riser R-2, is located near the thermocouple tree on the southern quadrant. The

tank bottom at these two risers is roughly 11.5 in. above the c_nterline bottom. Adding
segment lengths for each sample listed in Table C-3 and then adding I 1.5 in. to account for

. bottom slope, waste depth is calculated to be 6.56 ft and 6.63 ft for Cores No. 1 and No. 2
respectively. These values agree well with the value based on level measurement, 6.52 ft, as
reported by Hanlon (1993).

i i i i,.|., ,, ,,,,,,
i
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Sludge depths estimated from segments that contained solids (Table C-3 data) amount to
56 in. and 37 in. for Cores No. 1 and No. 2 respectively. These depths are greater than the
30 in. indicated by a sludge level measurement(I-Ianlon1993).

o

The sludge volume of 62,000 gal reportedby Hanlon (1993) was computed from a level
measurement, using a volume of 12,500 gal for the conicatly-shapedbottom portion of the
tank and a volume per foot of 33,050 gal/R for the cylindrical portion of the tank.

These three estimates of sludge depth are significantly differentand indicate that sludge depth
varies with position. Likewise, supernatantliquid depth would vary: for a sludge depth of
57 in., supematant liquid is calculated to be 6.52 (12) - 57 = 21 in. For a sludge depth of
30 in., supematant liquid depth is calculated to be 6.52 (12) - 30 = 48 in.

Selected radionuclide concentrationsfor core composite samples, as reportedby Weiss and
Schull (1988) are presented in Table C-4. A comparison of results for the two cores
indicates thatdminable liquids from the two cores have similar nuclide concentrations. The
solids in Core No. 1, on the other hand, have nuclide concentrations that are roughly double
those of Core No. 2.

Table C-1. Cation Concentrationin Aqueous SupernatantLiquid (Edrington 1991).

- ' ...... Sample number Sample number " '
Average Cation Average

Cation Rgi08 R8109 R8108 R8109

- Na ppm 36,000 36,000 36,000 Fe ppm 4 4 4
i

Zr ppm 300 290 295 Ca ppm 3 3 3
i i i

K l_m 270 260 265 Cu l_m 3 2 2
i

Cr ppm 81 77 79 Mg ppm 2 2 2
i i

Ni ppm 80 76 78 Cd ppm 1 1 1

Ag ppm 24 24 24 'Mn ppm 0.3 0.2 0'.2

Si ppm 22 21 21.5 As mg/L 0.12 0.i2 0'112
in i i II 4

Mo ppm 12 12 12 Se mg/L 0.03 0.03 0.03

AI ppm lO 9 io Hg ppm < < <
I i ii i

Sn pph. 5 , 5 5
II I i i

< = Value lessthandetection limit for sample matrix.
tJ



WHC-SD-WM-SARR-001 REV. 0

i iii
ii iiii i i

• Table 12-2. Analysis of Aqueous $ut_,'_t_t I.iqmd From Tank 12-103 _gton 1991).

'" S_plo.um_
- Analysis ......... Average

" R8108 R8109

_ri_o I 191 9_ ......9il
iii i

Toi: _L C) 7.46 7._ %45
,11 ill i ii i 111 iii i ii

p_ 9.5 9.5 9.5
"Specific gravity 1.07 " 1.06' 1.06'

........... _o_,
, ii i i i i

OH'M • • •

NOr ppm 30,000 ' ' 27,000 " 28,500 ,
iiii ii i i iiii i

NOr ppm 4,300 4,200 4,250
i

co,-_ 0.4 o.4 0.4
S04 I pp_l_ 26,000 I II 2_1/_ 000 26 _500 I

po,-ppm 2,100 2,_ " 2,05o '
i iii ii ill i

Radiochernislry
i iUll

Total Beta _Ci/L 82,000 94,000 88,000
i i i i ii | ,

GEA-Iiq#Ci/L 74 Co-60 67 Co-60 70.5 Co-60

64,_ Cs-137 62,000 Cs-137 63,0011Cs-137

'5r-89/90 _,Ci/L ' " 2,500 ' 3,300" 2,900 II

i, i ii i

Tc-99 #Ci/L 37 67 52

Pu-239/40 #Ci/L I 24 " ' 24 24
i i i i i i iii

Am-241/_Ci/L 0,3 0.5 0.4
........

• = pH too low to make OH"determination.

t,

II II II1 llllll l
II II
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Table C-3. Physical Observations of Core Samples From Tank C-103 (Weiss and Schull 1988).

Core Segment Rmiiation Segment Description of solids Weight solids Description of Weight
No. No. remus (mma) _nim (m.) _0 nqum mpia _0

1" 1" 170 11.2 No mdids 0 94 ml _ 118.24
8.0 ml orzmnc

1 2 - 1300 19 Dark brown/black 272.56 No liquid 0

1 3 1700 19 Similar to Segment 2 122.60 107 ml r_
butnotassoft t_

I 4 800 18 Mostly brown/blsck 263.63 I I ml
smallportionwhite -|-

& 2" 1 2111 12 No _ 25 ml_'_ 187.72

2 2 250 19 No solids 132 ml aqueous 141.41

2 3 1400 19 Dark brown 296.47 49 ml aqueous
runny O

2 4 400 18 Mostly white/firm 281.36 15 ml aqueous

20_ dark brown dark brown

"Taken from Ri_._ i_-2.
"'Takenfrom R-8.
• Segment No. 1 is at top of waste.

i

• e

• e
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. Table C-4. Radiochemical Analysis of Core Composite Samples From Tank C-103
. ('Weiu andSchuIl 1988).

, !

Concentration in corecompositesampl_t

. Nuclide* Solids, _Ci/g Liquids, _(2i/L

"Core1 ' (::ore2 ' core i ..... Core2 '

Pu-239,,tO 1.90 e+0i 1.25 E+01 3.37 E+01 3.37 E+01

Sr-9() 4.16 e+03 1.66 E_-03 t.95 E+03 2.63 E+03

.....Tc-99 4.67 E-01 1.96 E-0I 3170 E+01 3.57 i_+01
,,, i i ii a , | i,i,ll i

Am-241 < i.57 < 1.44 <3.74 < i.31
e+oo e+oo E+oo E+oo

Cs-i37 1'139'i_+02 7170 E_I-OI...... 2.2i' E+04 2'12 E+o4

Total gamma 2126 e+02 1.05 e+02 2.22 E+04 2'13 E+04
,

*Measurement date of May 8, 1987.

Nuclide concentrations in drainable liquids extracted from core samples would be expected to
be similar to concentrations in aqueous supernatantLiquids. A comparison of Liquid
concentrationspresented in Table C-4 with those of Table C-2 generally shows good
agreement between the two independent data sets. The largest discrepancy involves Cs-137:
core samples are low by roughly a factor of 3 compared to supernatant. No explanation for
this d/screpancy is evident.

The bulk density of solids in the composite prepared for Core No. I was reported as
1.18 g/ml and for Core No. 2 it was 1.54 g/ml. Drainable liquid had densities of 1.11 g/ml
and 1.08 g/ml respectively for Cores 1 and 2.

C.3 REFERENCES

Edrington, R. S., 1991, BY and C Tank Farm Supernate Sample Analysis (Revision of
16220-PCLgO-117), InternalMemo 28110-PCL91-O48 to R.K. Tranbarger,

• Westinghouse Hanford Company, Richland, Washington, June 3, 1991.

Hanlon, B. M., February 1993, Tank farm Surveillance and Waste Stun:s Report for,J

November 1992, WHC-EP-OI82-56, Westinghouse HwC'ord Company, Richland, Washington.

i i mll i i i iiiii i lUiiiii llll
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on December15,1993,"InternalWHC Memo, fromJ,.H. HuckabytoJ,.W. Osborne,
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APPENDIX D

PREDICTED CONCEN'IltATIONS OF ORGANIC AEROSOLS IN THE
VAPOR SPACE OF TANK C-103

,it
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A)PP)_DIX D

PR]_ICTI_ CONCENTRATIONS OF ORGANIC AEROSOLS IN THE
VAPOR SPACE OF TANK C-103

D.1 SUMMARY AND CONCLUSIONS

The MAEROS-2 computer co_ (Geabard1982) was used to estimate the maximum expected
concentrations of organic liquid aerosol in the dome space of Tank C-103. The tank vapor
space was modeled as a single closed volume, with a specified mass rate of aerosol particles
released into it. The code e_l_dated the removal rate of droplets by settling and plateout.

Figure D-I shows the predicted aerosol mass concentration in the dome space over time for
three different aerosol productionrateassumptions. The middle curve representsa
production rate of 1.2 mg/s (.0096 lb./M). This is the predicted rate of aerosol formation
from heterogeneous nucleation in a saturatedatmosphere minus the expected condensation
rate on ceiling and walls. This value was calculated assuming an organic liquid mixture that
is approximately 73 mass percent tributylphosphate, and 27 mass percent normal paraffin
hydrocarbons. Concentrationswere aasocalculated for formation rates one order of
magnitudeabove and below the predicted rate.

The curves show that the maximum predicted concentration of aerosols to the tank
atmosphere (for the liquid composition specified in Table D-2) is about 43 mg/m3. This is
less than 0.1 _ of the lower flammability limit (45 to 50 g/m3) for normal paraffin
hydrocarbons (Za_talds 1965). Therefore it is concluded that, under conditions thought to
apply to Tank:C-103, aerosols formed in an atmosphere saturated with organic vapor do not
significantly increa.m the potential for creating a flammable mature.

D.2 VA/_R SPACE _ AEROSOL CONCENTRATION

D.2.1 AEROSOL FORMATION

A conservative estimate of the maximum generation rate of organic aerosols in the tank
. vapor space was calculated. It was assumed that the tank atmosphere was everywhere

• saturatedwith organic vapor originating from the surface of the pool. Aerosol droplets were
assumed to be formed by c_,ndensationfrom this saturatedatmosphere onto small particles

, present in the atmosphere.

D-3
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FigureD-I. PredictedPe_ ConcentrationsforOrganicAerosolsinTankC-103.
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The evaporationrate of theorganicspeciu from thepool into t mtumted atmospherewas
. calculated for sm assumed temperaturedifference of 1.11 'C (2 'F) acro, a small boundary

layer at the liquid-air ln_. The steadystaterateof hum transferthroughthisboundary
. layer is proportional to the _tration difference across it.

t_

N,-

where:

N,- Mm transferra_0b./h_)

k. - Masstransfercoefficient(Wh)

CL " Equilibrium concentrationof vapor at liquid surface temperarare (lb=/_)

Cv - Equilibriumconcentrationof vapor at temperatureon vapor side of boundary
layer (lb=/_).

The equilibrium concentrationof the vapor as a function of temperaturewas obtained by
applying Raoult's Law. This specifies that, for a mixture of chemically similar liquids, the
partialpressure of each component in a vapor at equilibrium with the liquid is approximated
by multiplying the liquid phase mole fraction of thatcomponent by the vapor pre_ure, at the
given temperature, of that component in a pure state. Mau concentration of each component
in the vapor was calculated from partial pressures using the ideal gas law. The values for all
componentswere _ded to obtain the total mass concentrationof vapon.

The composition of one batch of NPH used at the Hanford Site, along with molecular
weights and vapor preuure constants, are listed in Table D-I.

Table D-I. Propertiesof NPH.

..... Component _ ..... Mole_tion' A' : .... S' ¢'
Hii ii ,ll ,, t i iN i

• Decane, C_oH= 142.3 0.039 6.94365 1495.17 193.86

iUnde_ne,CnH_,..... 156.3 0.328 .... 6.97220 .... 1569.57' ' 187.70
"" !_e. CnH. .170.3 ...... 0".286' 6199795 1639.27 181.84

la II I I I 111 I

Trid_, Cull, 184.4 0.219 7.00756 1690.67 174.22
4t

Tetrad C 198.4 0.129 7.013 1740.88 167.72

" 'Composition from Beary (1970). ........
Waporpressureconstantsfrom Dean (1985).

....... . ......... " : ...... :_ , , '"' ,....
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The conmnts A, B, and C llsm/in Table D-I are _-c_dled Antoine constants that correlate
vapor to temperatureaccordingtothefollowingequation.

e

(D-2)
IoL " A-B/(T.C)

where:

P - Vapor pressure, mmHg
T = Temperature, "C.

Constants thatapply to TBP were .derived from its normal boil/nll point (289 °C) and its
vapor pressure at 60 "C of 0. I mmHg (Gerber et al. 1992). For TBP the molecular weight
is 266.32 and the vapor pressure constants A, B, and C were derived to be 8.527, 3173, and
2"/3.16vely.

,a,

-. Evaporation of the more volatile components during the 20+ years of storage would change
. the composition of the NPH-TBP mixture. The present composition of a TBP-NPH mixture

initially composed of 30_ by volume TBP and 70% by volume NPH (Table D-I
composition) was computed for a fractionalvolatilization process that was based on the
following key assumptions.

1. Raoults law applies, so the vapor pressure of each component is given by the
mole fraction times its vapor pressure.

2. The density of NPH and TBP are 0.76 g/ml and 0.975 _ml respectively (Moore
and Walser 1980).

3. The present NPH-TBP mixture is composed of 73_ by weight TBP and 27%
NPH (Prentice 199I).

4. V_on took place at 45 °C (113 "F).

5. Vapor pressure suppression of organic speciea due to the presence of dissolved
water was neglected.

q,

6. Radiolytic and._ther chemical reactions were neglected.

The predicted present composition of the organic layer and partialpressures of the organic ,
, molecular species present are presented in Table I)-2.

Ill Ill I - I Illllll IllII I .... . I II II I --
I IllllllI I I L ,IllII ' II -- Illll II I II ' I Illlll
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. Table D-2. Predicted Present Composition of Organic Liquid.

Compommt .............Mole_tion ...._ P_ 'immHg)

•................ e-i6 0.se s......
" I I IIIII II] 1I' I II IIII III III I I

9Se_ e.osCnI'I_ 5. 1.01

" c,,n,, ....... 6 ........E.o3
i [ Illl I I II I Illll _ . IIIIl_ _ I _. Dill]in I II .L I I I III I

C:,Ha 0.134 2.64E-02

c,,H,o o.l_ 1.3_e_ .......
..............

I I I I I I|1[ III .....

1.000 6.99 E-_2
__ , ............ , , ,, ,,,, ,,, , , ,,,,, ,,,, , ,,,,,,

A reviewofthedataofTableD-2 showsthattheLighterfractionshavebeenmostlystripped,
leavingC:3Ha,Ct4H3o,andTBP asthemaincomponents.The partialpressuresaddtoa

" totalof0.0699mmHg, whichamountstoa volumepercent(inairat743 mmHg pressure)of
0.009%.When comparedtotheLFL forthemainorganicspeciespresent(approximately
0.6%)volatileorganicliquidspeciesarepredictedtoamounttoonly1.6%oftheLFL.

ForthepredictedpresentcompositionoftheorganiclayerinTankC-103,asgivenin
TableD-2,theequilibriumconcent_rationofvaporsat45 °C (CO is4.73x I0"sIb,/fts.The
concentrationat43.9"C (Cv,2 °Flower)is4.327x I0"sIb,,/fP.

Analogiesbetweenheat.andmasstransfer,applicableatlowmasstransferrates,havebeen
derived.One ofthese,theChilton-Colburnanalogy(Sherwoodetal.1975)givesan
expressionforestimatingthemasstransfercoefficient,k,.

k, - T (D-3)

where:

h ,, Heat transfercoefficient (Btu/h °F fta)
" k = Thermalconductivity(Btu/hr°F ft),0.016forair

D_ = Diffusivityoforganicinair(fOlh)
Sc - Schmidtnumber,dimensionless

" Pr :,Prandtlnumber,dimensionless,0.7forair.

The temperaturedifferenceofI.II°C (2°F)wasbasedonananalysisofdecayheat
dissipationinTankC-103.DetailsoftheanalysisaredescribedinAppendixF.

iiii iii I Ill n| i _ i ii ill i i In II
I II II Ill III II I Ill U I I
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Theheatu'anafercoefficient,h, wu evaluatedfromanequation(McAdams1934)that
appUesfor naturalconvectiontoair froma heatedhorizontalplatefacin$upward.

h - 0o,26/_ (v-4) •

where:

£t - Temperature difference(2 "F).

Thisgives a predictedvalue for h of 0.28 Btu/hr/_ °F.

An estimationfor the diffusivityof organicin air, DAm,was basedon the usumption that
tetl-adecanewouldrepresentthevolatilespecies. EmpLP._.alrelationshipsfor calculatingthe
d/ffusivityof gasesandvaporsaregiven in standardhandbooks(Perry1950). The calculated
value for tetradecanein air is 0.216 _/h. The Schmidtnumberwas calculatedto be 3.I.

-'- Therefore,

0.2s a_ _o_1_

• ....
(D-5)

,, - ,_. F

and

6.2fl (4.73x10-s-4.33x10-s)___.r.== 2.5x10-s _" (D-6)N,-
kr f13 jt2.kr

Whenthisis multipliedby thesurfaceareaof theliquidpool,4418_, themasstransport
rate into the vaporspacefromthe pool is .II Ib,/hr(0.0139 8/s).

It was assumedthata cer_ amountof the condensationthattakesplace f_._mthe saturated
vaporwouldoccuron the cooler domeandexposedwall areaof the tank. This condensate,
as it forms,would createa film on those surfacesand eventuallyrunoff backinto the Liquid
pool. Therefore, it does not contributeto the aerosolspresentin the vaporspace.

i i ,,.. i nl]lUinn ,u i I I n Iil lllnlS I I l
II i lift II lm i mlulal
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The method described above was used to calculate the rate of condensation on the dome.
' The calculation was conservative in that the available area for condensation was taken to be

• the cross sectional area of the tank (4418 ft_. The additionalarea provided by the convex
shape of the dome and by the exposed wall surface was neglected.

• The temperaturedifference across the boundary layer was ag_n taken to be I. 11 °C (2 °F).
The temperatureon the vapor side of the boundary layer was assumed to be 43.9 "C and on
the dome side, 42.8 °C. The calculated rate of condensationwas 0.I00 Ib,/hr. The total
aerosol formation rate is then 0.0096 Ibm/hr(0.00121 S/s).

D.2.2 AEROSOL REMOVAL

As the aerosol droplets form in the vapor space, they are subject to various forces that cause
them to be in motion. As they move, they encounterand interact with other aerosol
particles, as well as with available surfaces. As the concentrationof particles in the air
increases, the frequency of this interaction increases. When droplets contact each other, they
will adhere together and combine their mass. As heavier droplets are formed, the
gravitational force pulling them downward increases, overcoming upward drag forces to a
greater degree. Eventually, an equilibriumis reached at which the fallout rate is comparable
to the generation rate. Additional removal from the aerosol population occurs when a
particle collides with a solid surface and adheres to it.

D.2.3 CALCULATION OF EXPECTED AEROSOL
CONCENTRATIONS IN THE VAPOR SPACE

A conservative estimate of the maximum expected aerosol concentration in the vapor space
of Tank C-103 was postulated as the concentration achieved at equilibrium between aerosol
formation in and removal from the control volume. Removal mechanisms were limited to
those described in the previous paragraph, i. e., coagulation and gravitational settling, and
plateout on surfaces. Other mechanisms for deposition (thermal deposition, concentration
driven diffusion through boundary layers, and others) were ignored. The MAEROS-2
computer code was used to calculate the expected vapor space concentration over time until

• equilibriumwas reached.

. D.2.3.1 The MAEROS-2 ComputerCode

The MAEROS code was developed at Sandia National Laboratoriesin the 1970's to analyze
. aerosol transportin reactor_,_._._ment systems following hypothetical accidents. The

aerosol particles are distribu_ m sections, or bins, according to size. The mass and number
of particles in each size bin are updated at each time step as agglomeration and removal
processes change the size distribution.

iiiii i i ,,m
,, ,,| i , , i,i , , , ,,i
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The code models were validated in the early 1980's by comparison with the results of aerosol
tests performed by the Hanford Engineering Development Laboratory(HEDL) ' .
(Hilliard 1984). This testing program, called ABCOVE, wu undertakenfor the purpose of
evaluating the adequacy of aerosol behavior computercodes. Both MAEROS and the
CONTAIN code (Murata1985), which incorporatesMAEROS for its aerosol behavior
modeling, produced results for aerosol concentrationsand size distributionsthat compared
very well with the test results.

MAEROS-2 is a standalone version of the code, compiled to run on a personal computer
with a DOS operating system. This PC version was obtained from Dr. Fred Gelbard, Sandia
National Laboratories, who controls the distribution of the code and maintains a list of
authorized users. Operationof the code was tested prior to its use for these calculations,
both by running the test case thatwas provided with the code, and by attemptingto duplicate
the results of a case that had p,-eviouslybeen modeled using CONTAIN on the Cray
computer. As expected, the test case gave identical results to those provided.

The case previously modeled with CONTAIN represented a glove box, initially loaded with
. i00 mg/m3 of plutonium oxide aerosols of less than I0 micrometers diameter. Gravitational
•- settling and deposition on surfaces, and remah_g aerosol concentration in the cell were

calculated for a period of 20,000 seconds. MAEROS-2 predicted aerosol concentrations
within 1% of those calculated by CONTAIN at times less than I000 seconds. Thereafter,
the MAEROS-2 results were generally higher than those from CONTAIN, with a deviation
of about I1% at 20,000 seconds.

- This difference can be accountedfor by the fact that the CONTAIN' model provided a breach
in the glove box. This allowed the glove box to "breath"after its pressure equalized with
that in the adjoining room. As a result, small amounts of aerosol left the cell and were not
recover_J. This effect was not incorporated in the MAEROS-2 model. Therefore, it was
concluded that, considering this slight difference in the modeling, the MAEROS-2 results are
consistent with those calculated by CONTAIN.

D.3,2 MAEROS MODEL FOR TANK C-103 VAPOR SPACE

Three cases were run. All input for each of the three cases were identical, except that the
aerosol mass source rate was varied. For the initial case, the mass source rate was taken to
be 1.2 mg/s (.0096 lb,/hr). This is the aerosol production rate as calculated in Section
D.2.1. Two additional cases, with aerosol source rates of .12 mg/s and 12.0 mg/s were also
calculated to bracket the potential uncertaintyin the aerosol formation calculation.

The tank vapor space was modeled as a single closed volume of 2560 m3. The vapor space
• gas was modeled as air at a constant317.0 K and one atmospherepressure. The material .

density of the aerosol droplets was given as 906 kg/nr_. This is the estimated density of a
liquid mixture that is 73 mass percentTBP and 27 mass percent N'PH. The initial aerosol

D-10
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concentration in the volume was taken to be zero. The aerosols were assumed to form at a
constantrate throughoutthe duration of the run until a steady state concentration was

" reached. The aerosol formationwas assumed to occur uniformly throughout the volume, so
that the distributionof aerosols was everywhere the same at all times.

" The sizes of the aerosol droplets, as they formed, were assumed to be log- normally
distributedwith diametersrangingbetween0.10 and10 micrometers.The geometricmass
meandiameterwas0.13 micrometersandthegeometricstandarddeviation2.0. The
MAEROS-2 inputfile for the 1.2 mg/s sourceterm is reproducedasTableD-3. An
abbreviatedversionof the outputfile for the samecaseis givenin TableD-4. It summarizes
the physical parameten and initial conditions and gives the mass balance, aerosol
concentration, and particle size distributionat 800,000 seconds (222 hours).

The calculatedaerosol concentrations in the volume over time for the three cases are shown
in Figure D-I. In all cases the aerosol concentration increases as the aerosol formation rate
exceeds the rate at which mass is removed by gravitational settling and deposi.tion on
available surfaces. After some time, a steady state is reached where the production rate and
the removal rate are approximatelyequal. After this time, the concentration in the vapor

- space will no longer increase. Therefore, thissteady state concentration is taken as the
maximum aerosol concentrationthatcan be achieved.

The maximum vapor space aerosol concentrationfor the 1.2 mg/s formation rate was
calculated to be about 43 mg/m3. This is less than 0.1% of the lower flammability limit for
NPH (about 48 g/m3). For the .12 mg/s and the 12 mg/s formation rates, the maximum
concentrations were 8.2 mg/m3 and 220 mg/nr_, respectively. The concentration at the
higher source rate is less than0.5 % of the LFL.

The effect of two of the assumptions tha_ were made in determining the aerosol formation
rate can be examined in relationship to the maximum aerosol concentrations calculated for
these three cases. If condensation on the tank dome and walls is neglected, then the total
aerosol formation rate is the one calculated from the evaporation from the pool, 13.9 mg/s
(0.11 lb./hr). This is only slightly higher than the upperbound of the three cases calculated,
so the maximum expected concentration of aerosols in the vapor space is expected to be
comparable to that case.

Another assumption was that the composition of the liquid from which the aerosols form is
the 73 weight percent TBP/27 weight percent NPH reportedby Prentice. If it were assumed

- that the liquid is 35.5 weight percent TBP and 64.5 weight percent NPH, the composition of
the original process liquid; the calculated aerosol source term (allowing for conde_.sationon
dome and walls) would be 8.6 mg/s. This value is also bounded by the cases calculated.

• Therefore, even considering large uncertainty in the calculations of the aerosol formation
rate, the contribution of liquid organic aerosols to flammability of the vapor space in Tank
103-C is comparatively minor.

D-11
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Table D-3. C-I MAEROS Code InputFile.
tt

I = NUMBEROF CASES
TANKC-103 VAPORSPACEHODEL,RELEASEINTOVAPORSPACE,NOCONDENSATION
SECTIONS COMPONENTSNUMBER-OUTPUTSNUMBER-SOURCESSTATUS

16 1 20 2 0
CONDENSETP-TABLE HENCOEFSTOREAUTO-BOUNDARIESINITIAL SOURCES

0 2 2 0 1 1 1
PLOTS PLOT-COMPONENTSROWSCOLUMNSMIN-CONC. HAX-CONC.

1 0 20 50 O. 1.
CEILING/V FLOOR/VWALL/V CHI DIFFUSION-THICKDENSITY

•19 .16 .11 1. 1.E-3 906.
LEAK-RATEGAI_ STICK TGRAD-CTGRAD-F TGRAD-W THEP,HALCONDoG/P

O. 1. 1. O. O. O. .18
RHO-CRHO-F RHO-kl VFRAC-C VFRAC-F VFRAC-NVGRAD-CVGRAD-FVGRAD-kl
I.E3 I.E3 I.E.3 O. O. O. O. O. O.
TURBDSVOLUMEHOLECULAR-WrROUND-OFFREL-ERRORINITIAL STEAHCONC.
.001 2560. 28.8 1.E-6 0.003 O.
TGAS1 TGAS2 PGAS1 PGAS2
317. 400. 101325. 2.E5
SMALLEST-DIAMETERLARGEST-DIAMETER

1.0E-7 I.E-S
INITIAL-MASS-CONC.(KG/H**3) MEAN-DIAMETERGEO-STAND.-DEV.

O. 1.3E-7 2.0
TIME VAPOR-SOURCE-RATE(KG/S)/ AEROSOLSOURCERATE(LOG-NORMAL)(KG/S)
O. O.
1.21E-6 1.3E-7 2.0
TIME VAPOR-SOURCE-RATE(KG/S)/ AEROSOLSOURCERATE(LOG-NORHAL)(KG/S)
1.6E6 O.
1.21E-6 1.3E-7 2.0
OUTPUTTIMES(SECONDS)
5.El 1.E2 2.E2 4.E2 8.E2 1.6E3 3.2E3 6.4E3 9.6E3 1.3E4 1.9E4 2.6E4 3.8E4 5.1E4
7.7E4 l.OE5 2.0E5 4.0E5 8.0E5 1.6E6
TIME TEHPERATURE(K) PRESSURE(PA)
O. 317. 101325.
1.6E6 317. 101325.

iii i, m, ii i,
,ni ii n
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Table D-4. MAEROS Code Output for 1.2 mg/s Source Rate. (7 pages)

TANK C'103 VAPORSPACEflOOEL, RELEASEINTO VAPORPACE, NO CONOEILSATION
TNIS l• CASE_ 10UTOF 1

NUNREt OF SECTIONS (5-&0) • 16
IIAIHSEllOF CHENICALOHq)IIENTS (1-8) • 1
NIJIIIIEI OF PRINT OUT TINES (1-20) • 20
ilLMSEII OF TINES IN SLUICE TNILE (2-10) ,, - 2
STATtiS IEPINIT FLAG(OWlI)IIE/InSIIIE/2_A LOT) • 0

CORDEMSATIONFLAG (OeNO,I-YES,2eYES CONSTANTVAPOll COLIC.) • 0
IIIIIDEt OF TINES IB T_TUIE AND IqlESSURETABLE (2"20) : 2

COI:FFICENTSIO DIECALCULATED• 2
(POSITIVEsCALCULATE/NEGATIVEaIJSEEXISTING IX)EFFICIEMTS)
OelEAD COEFFICIENTS FNONFILE IMIEIIOS2.COF
l_kt TGAS1,TGASZ,PGAS1,PGAS2 ('J
2-AT PGAS1,TGAS1 _o
]mAT PGASI,TGUl ANDTGAS2 I:_
&sAT TGASl,PGASl ItND PGAS2 T
SsS/VNEAS 1 EXCEPTONLYDEPOSITION :_
6a_SANEAS I EXCEPTONLYCOlil)FASATIOU

7_SAIIE AS I EXCEPTONLYDEPOSITIONANDC0IIDENSATION C_
_ AS 2 EXCEPTONLYCOlil)FJSATIOOi

' STOIIE SECTIOILALCOEFFICIENTS !11NAEDOSZ.COF(O-IIIO/I•YES) s 0 ;)__- :x:l
c._ SECTION IOiJNDJUUES(I,,QtLITONATIC/I)-USF.RSPECIFIED) " 1 _OINITIAL DISTRIliJTIOII (I-LOG-IIOIUML/O,4JSEIt SPECIFIED) • 1

DISTRIBUTION (Iq.O6-11OINML_ SPECIFIED) • 1

PIIIIIITER PLOT SCALING(REGATIVE-LOG/POSITIVEsLISEAR) • 1
(]-USEIt,Z-USED tilTH OVERIIIDE,I-AIJTONATIC,I)-IIO PLOTS) _CI

PLOT INDIVIDUAL CI)IIqIEIITS +Illl N)OITION TO TOTALS(II)'MO/I-TES) • 0 t_l
NLJINDEBOF ItOblSFOil PLOTTING (SO ilMXINUN) • 20
NLJIqBEROF COLUNMSFOIl _qJ)TTING (101 NAXIU) " SO
NINiU CONCENTIATIONPLOTTED(FOR ABS. VALUEOF SCALINGOF 3) - O.0000(-m00 ICG/H_3 O
NAXIU _TiOii PLOTTED(FOIl AILS. VALUEOF SCALINGOF 3) • 1._ [G/lr_3

AREA OF CEILING / CMNIEII WOLilIE • 1.900(0"01 1/I_TER
AREA OF FLOOROVERCMNIDEItVOLUNE• 1.6000E-01 1/NETEII
AREA OF tiALLS OVEII CIMllER VOLLIHE• 1.1000E-01 1/NETEII
DYNONICSIIAP£ FAC101 • 1.001)0£+00
DIFFUSION BIXJIIMUUrLAYEII TINICIQESS- 1.(X)00E-03 NETERS
PNITICLE NATIUIIAL DENSITY • 9.0600C_02 KG/llr_3

LEAKAGERATE • O.IXM)(]IC-o<X)111_3/SEC
AGGLCRERATIOliSIIAPIEFACTOR= 1.000(0'o4)0
AGGI.ONF.RATIONSTIO(IIIG FACTOR(0-1) "+ I.IM)01)('_00
TNERIMLGUDIElil FIK)II CEILING • O.O000E+O0DEG I(fllETEIt
TIIF31NALGPJU)IENTM FLIX)II " 0.0000C-*00 DEG [/NETEll
TSEImU. GRADIENTFINal IMLLS -" 0.1MMX)(-+_ DEG itlllETEI



Table D-4. MAEROS Code Output for 1.2 regis Source Rate. (7 pages)

TliEJINAL COIUCTIVITY OF GAS/PARTICLE • 1.8000E-01

UATERVAPORMATERIALDIUISITY NEARCEILIRG • 1.(X)0(0-._3 [G/I_3
klATERVAPORMATfRIAL DEISITY _ FLOOI • 1.O000E,_L3
MATERVAIP_ NATERIALOlDISITT NEARUALL = '0.00(0)0¢_ (G/N'e3
UATERVAPORROLE FRACTIOI NEARCEILIli " O.i)O00E.'_O
WATERVAPORROLE FRACTIOI IIEAE FLiX)I • O.IX)OOE._O
UATEIt vAIq)R NOtE FRACTIOII BUll tiLL • O.O000EeO0
klATERVAiP_ 6UDIENT IIf:AR CEILING • O.O00OE+OOICG-NOLE/Nn4
blATERV/UqZ 61MDIFJiT NEAI FLO_ • 0._ I(G'NOLE/If_4
blATEliVAilNORGIMDIrdlT MEAli li.L • O.O00i)E',_ I(G'NiX.E/N_4

TIJIJUUtT DISSIPATIOI llATIE• 1.0000E-O] N'm2/SEC'm3CNAmiERVOLU_ = 2._ N"$
__ _I_ OF _ll GAS" Z.8800E*OI ICG/EG-NmJE f._
NACHIliE UNIT ROUNDOFF _ • l.OOImE-06 r_
IELATIVE _ TOLEUIICE • 3.000_-0]
INITIAL _I_ VAPOR_TI_ • O.OiX)l)(-'_O KG/Ne_ ,_

FIRST GAS TENPERAIIJE (TGASl) • 3.1_ OEGr !

SECONDGASTBISPERATUllE(TGAS2)., &.O(X)OE'_ DE6 IC
FIRST GASPI_SSaJitE(PGAS1) ,, 1.0133E,_S I/Nm"2

C_ sEcomMs _ (mL2) • ?--_

SNALLESTPARTICLE DIANETEII • |.O000E-07 N
LARGESTPMTI_ DINE_ " 1.0000E-OS N

_li Tile AIIOVE UiiE TNE SECTIONiiOUNDMIES ARE: ,--,

_I_ OiAIIETI_ _ (NETERS)
1 1.000(0-07 "" I.]33SE-07
2 1.3335E-OT -- 1.7783E-07
] 1.7783E-07 -- 2.371&E-07
4 Z.3714E-07 -- 3.1623E-07 (_
$ 3.1623E-07 -" t.Z170E-07
6 4.2170£-07 -- 5.6Z_,E-07
7 5.623&E'07 -- .7.&989E-07
8 7.t989E-07 -- 1.0000E-06
9 1.0000E-06 -- I.]335E-06

10 1.333SE-06 -- 1.T/IL3E-06
11 1.7'78X-06 -- 2.3TI&E-06
12 2.3TI&E-06 -- $.16Z3E-06
13 3.16ZSE-(M "- &.Z170E-06
14 t.Z179E-06 "" S.67J&E-06
15 5.623tE-06 -- 7. tgWE-06
16 7.49ME-06 -- 1.0000E-OS

LOG-NOiOML INITIAL OiSlltliJTlOi
CoIgq)NF._ _3 NEAII DIANETER (N) STD. DEV.



Table D-4. MAEROS Code Output for 1.2 mg/s Source Rate. (7 pages)

1 0._ 1.._0E-07' 2._

SECII011 ilIITIAIk ClOT CONCEEIBA|IOll(I(G_I_3)
1 0._
Z 0._
3 0._
t 0._
S O.O(X)O(-_O
60.O000C-_
7' 0._
It O.O000C_O

" 9 0. OOCX)(-'_O

I0 0.000o(-*00
11 0._
12 o.mx)o(-_4
13 O.Om)O(-_O (_
14 o.ooooe,oo 6)
15 o.ooooe.oo I_

16 O.O000E_

, _
tA _

cb



T_Ie _. MA_OS _ Ompu! for 1.2 m_s _urce _. (7 _)

IMlrESFORCSIIDEHSIBLIEvNq)I kllD AEROSOL

1 0._ O.WXX)C'_O 1 1.2100E'06 1.3d)OOE-07 2.0000('_0
2 1.I_ 0._ 1 1._1-_ 1_-_ __

I _ TI I _I I_ TI _lI I UTBI:

TI_ FOR_ _1_ _ RATEa 0._
SE_IOII _ _ IUUES(I(&/SEC)

! 3.0298[-07
2 Z.ge46E-o],
3 _._-07

• 4 1._g_-Or
5 1.OZagE-07
6 5.1354E-08
• 2. I_-_

9 2.3010E-09 _1t

10 5.8151E-10

11 l.Z44)gE-lO
12 2._-11
13 3.4531Eo12

[3 14 4.tS56E-t3 c_!

,--" 15 5.5695E- 14 ;_
o,, 16 0._

I

SECTIOi _ _ IAI1ES(_) ,-.
I 3.o29eE-o7

2 2.98_6E-073 2._05E-07
t 1.7393_-or <_

L 5 1.0ZmE-OT
6 5.1_-08
7 2.1_-_
8 7._-_
9 2.3010E-09

10 5.8151E-10
11 1_-10
12 7:._-11
13 :J.4_lE-12
14 4.4556E- 13
15 5._-14
Io 0._

_ TIMS



I I i

t
I I I_ 11,

Table D-4. MAEROS Code Outputfor 1.2 mg/s Source Rate. (7 pages)

SECI]mS ImUlIS
I 5.0000E'_1 • 1.388gE-oZ
2 1.0000E44_ ,, 2.7778E.-02
3 2.000E'_2 • 5.555_-0Z
4 &.OOOOE*4)2• 1.1111E-01
5 8.0000('_2 " Z.2222E"01
6 1.6000E4_ " 4._4E*01
7 3.2001l'e4)3 8 8.MSgE'01
8 6.&OOOC-*G3" 1._
9 9.6WNE4'03 " 2.6667E'_0

10 1._ " 3.6111E*00
, I1 1.9000C'4_ " 5.2F78E'_O

12 2._ " ?.22221_*00

13 3._ " 1.0556E_114 5.1_ " 1.41671_41
15 7._OQE_I4 • 2.1389E_1 0
16 1.0000C-._5- 2._
17 2.1NN)OE4'05" 5.5556£'_1 l_J
18 4.0WKIE44)5" 1.1111E4'02

19 8.00IXJC'*_ " 2._20 1.6000C'406" 4._

, TiI_ ftt,S I"BfeMlUI_ GASIqtESSUlII[
'-" (S£'C) (l_G I() (U/N_2)

0.0000C-o4)0 3.171iWC'_02 1.01_

1.6000&l'06 3.1790E4_. 1.01_



Table !)-4. MAEROS Code Oulpul for 1.2 mg/s Source Ra_. (7 pages)

TAll( C-103 VAPOItSPACEn00_. IIELF.A._iJlrO WlPOtSPACE.lIO cou0ElIMlrlOll
1fINEs 0.0000C-._0SF.C0IIDSt 0.0000E4_ ll01JtS
T_ s 3.1790C-_ 0£G IC PItF.SSUEs 1.0133(-405It._
SECTI01i DIANETEEtAIEE (n) _ lUil/W_5 I(S

1 1.0000E-07-- 1.3335E-07 0._ 0._ 0.0000EoO0
2 1.3335E.-O7-- 1.7783E-07' 0._ 0.O00O(_O0 0._
3 1.77KSEoO?-- 2.3'rl&E-or 0._ o.oooe(._o o.ooooE_o
& 2.371&E-07 -- 3.1623E-OT 0.00OeE4,00 0.0O00(--_0 0.000OE4O0
5 3.1623E-07-- 4.2170E-OF OoOfX)OE.o_ 0._ 0.0000(-_0
6 4.2170£*07 *- 5.623_-07 0.0000E_G 0._ O.OGOOC-_O

• 7 5.623_-07 -- 7.&98gE-07 0._ O.OfXX)(-.,40 O.O00O(.-,eO
8 7.&gege-4_ -- !.000E-06 0.000Ot.00 0.001X)(._0 0.0mXIE,,_O
9 1.000OE-06-- 1.3335E*06 0.0000(-4M 0.0000(-_8 0.0000(-_0 .,_

10 1.3335E-06 -- 1.77K_-06 0.0000(-_0 0.(X)00C-_O 0.0000C--*00
11 1.778_-06 -- 2.371_-06 0.000e(-_0 0.0000C-_0 0.0000E*O0
12 2.371&_06 -- 3.1623E-06 0.0000E.O0 6.9000(-_0 0.0000(-_JO C'_
13 3.1623E-06 -- 4.2179E-06 0.0000C-440 O.O000t*O0 O.O000C-4,OO r_...
l& &.2170E-06 -- 5.623_-06 0.0000E4_ 0.0t)OO(-_O 0.0000£-'0_O
15 5.623&E-06 -- 7.&98_-.06 O.O000C-,_O O.O000(-*eO 0.0000(-,_0
16 7._g8_-06-- 1.0000f-05 O.O000E*_ 0.0000(-_0 0.0000(-._0

u)v_. o.oooe_ o.oooo(.eo o.oooec_.eo
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Table D-4. MAEROS _ Output for 1.2 mg/s Source Rale. (7 [Iges)
I

TiE C't05 _ _ N00£L. IIB.EA_ IIITO _ SPNZ. NOCOiOlS_lOII
i TIt I 8.0000("_ Sr:CQiS = _

sElrlm OltlLr[R _ (IO Ir_ _ ,_
1 1.0001E-OF-- 1.]3351[-07 1.11191[o01' 1.540tiE','11
Z 1.3315E'OT "" 1.T/I_*GT Z.I_HRE-_P' I.ZT56C_11 S.&N41[*06
3 I.TTIIH'_? "" Z.3714E*0T 3.98ME*WP* 9.8M4_110 1.M8_['05
& 2.3"t14E'07 "* 3.16ZH"Wr 6.6SIGE"07 7'.Of,2SL_lO I.TI02OE'EIS
S 3.1623E'OT "" 4.217W'OT 1.0880E'06 4,.0S73_10 Z._
6 4.2179E'07 "" 5.6ZS_'_r 1.7_'06 3.3_10 4.51_FE'_5
T 5.dt2_W'OT "" T.&gogE'4T Z.geSIE'06 Z.30641_10 T.431'W'e5

• 9 I.I'_ "" 1.__ __ 1.1_W L_
10 1__ "" 1.7111H'06 1.1_ 6._ Z.47SE'02
It 1.771UIE"06"" Z.3"rl4E-OI5 8.610Z-06 Z.161/E_i9 _-OZ t")

3.1_ "" 4_'t __ 1.286_ 6._ I-t
14 4.Z1_'_ "" S.Jt23_-t 1.lWe2E-m 1_ _

Y
_0 llfitL _1_ _ _ Sllllt LAST_ = i.liigl-01 iS

lilt i 1 _1 " I_ I 1I
SliCi LAIn O_"lll T_

(_lLIl_ (i) 0.00001410 ,..
' _S (6) l.ST411i-Oil

(_ 0._
TOTAL(IS) 4._
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_ Westlnghousa Internal 'Han_d_ny Memo

From: Risk Assessment Technology 29220-93-0038
Phon_. 6-1083 H4-65
Oate. Hatch 9, 1994
Subject: LETTERREPORT

R. L. Guthrie H4-61

cc: H.V. Shultz H4-65
H. O. Zentner H4'65
FilelLB

Attached ts the letter report "Vehicle-Fuel Release Leading to Burn tn Tank
C-103 Probabtlisttc Analysis" prepared by H. V. Shultz and myself.

Htke F. Reardon
Engineer
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YBHZCLB-TUBLRBLBISU LRJi,DZNGTO BUR.NZH TPi.MKC-103
PROBA,BZLZBTZQ_I]kLYSZ8

le. 1 Z]rI'RODO4:TZON _,

Two incidentsin thelast two years haveraiseda concernaboutmotorvehicles thatenterthe
tankfarms. There is a possibilitythatan accidentcanoccur thatresults in the fuel carried
by the vehicle enteringa wastestoragetankandpossiblyigniting. Theanalysis documented
in thisreportwas performedto evaluatethis accidentat single-shelltankC-103. The
analysisused event tree logic to obtainanestimateof the annualfrequencyof a pool fire or
ignit_onof gasoline vaporsin tankC-I03. The estimate of annualfrequencycontains
conservatismsin the initiatingevent frequencyas well as the variouseventprobabil/tiesof
the event tree.

H.2 8UXXMt¥ ]kill) CONOLUBXONB

The resultsof the analysisshow thataccidentswith undesirableresultshave a frequencythat
is consideredcredible;that is, greaterthanI.OE-06per year. The uncertaintyin some of the
values used in the event tree analysisnecessitatedapplicationof conservativevalues. No
compellingevidence was foundthatindicatedless conservativevalues shouldbe used. The

.... resultsof theevent tree show that the frequencyof bun_g fuel enteringa riserand starting
an organicpool fire in tank103-C is 6.71E-0'3per year. The probabilityof gasoline leaking
into a riser leadingto an LFL conditionand eventualignitionis 6.64E-06 per year. Since
the calculatedfrequencyof undesixableconsequenceend states is not less than 1.0E-06, some
protectivemeasures, eitheradministrativeor physical, may be necessary.

B. 3 DZBCU88ZO)I

"Twopossible scam'ioswensconsideredin a.uemingthe sa/'e_ of tankC-103 with respectto
gasolinespillsfrom vehicles. The first_:ena_oaccountedfor a leak of gasoline from a
vehicle due to anaccidentthatre_lts in thepuncture Of the fuel tank by an objectat grade
level at C-I03. Generally,thisaccidentwould be initiatedby a vehicle driverbackingover
an obj:_,"tsuch as a riser or instruments. The gasolineleakingfrom the vehicle's fuel tank
wouldthen ign/te due to a source of sparksfrom the accidentor contact with hotelementsof -,

- the vehicle's engine or exhau_ system. Finallyr theburningfuel wouldenter the.tank
throughcracksin the cover blocks _x_ve the pumppit or througha riser damagedin the
accident.The secondscenario accounted for a leak froma vehicle similar to thatdescribed
above, except that the leakingfuel does not immediatelyignite but still enters the tank. The
gasolinevaporin the wasr_tankthen buildsto the lowerflammabilitypointand is ignited by
an igm'tionsourcein the tank. This ignitionresultsin a rapidburnor deflagration.

E-4
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Two potential routes of entry were identified. The first is through the cracks in cover blocks
over the pump pit allowing fuel into the tank through the pit drain. This route could only be
possible if the truck could get onto the cover blocks over the pump pit. The other route of

. entry to the tank would be through a tank riser damaged by the vehicle during the accident
which is open to receive leaking fuel. Inspection of the C-103 site showed that the entry
route through the cover blocks of the pit structure was not credible since the structure rises 2

, to 3 feet above grade. A vehicle would _ve great difficulty getting onto the cover. The
second route of entry through a _ed riser is considered feasible. It forms the basis of
the scenario evaluated in the event tre_;developed in this analysis.

The event tree that follows shows a number of events that, depending upon which
combinations occur, can result in different consequences. Each event is a decision point;
either the event did happen (the lower branch of an event) or it did not (the upper branch of
an ev-en0. When these decisions are traced _ong the branches of an event tree, they result
in different endstates or consequences. In the event tree, the events or decision points are
shown along the top of the figure, while the endstates and the sequence frequencies are
shown on the right edge of the figure. A discussion of these events and the assumptions
supporting the assigned probabilities follows.

_XCLm8 l_nXZHCm rUZL T_mr][ ]_O'PT_ll ZM T_ rUX

This event is the initiator and has the units of events per year per tank. It represents current
Hanford historical data specifically related to "dry well vans" that have experienced fuel tank
ruptures. These vehicles enter the tank farms on a regular but unspecified frequency. The
following assumptions are made to calculate the initiating event frequency:

I. The number of risers that protrude to a height sufficient to interfere with a motor
vehicle fuel tank are the same for each of the 149 single shell tanks

2. The number of risen for each single shell tank are the same

3. The riser placement and tank location within any single shell tank farm will
necessitate similar backing actions to place a vehicle in the proper location for
work to be performed

4. No changes occur in either the number of vehicle entries or riser configurations
in the future beyond current conditions

f,

- - The initiating event value is the result of dividing the number of tanks (149) in farms where
"dry well vans" are used into the number of accidents that result per year. This is analogous

' to considering the tanks in the farms as an "area"within which a random event of
characteristic frequency could take place. One stlch event took place in each of the past two
years.

E-5
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The accidentfrequencyusedin thisanalysisis 6.71E-03 accidentsper tank-year. In thepast
two years, there have been two accidentsin the tankfarms in which a vehicle has backed
over a riser andpuncturedits fuel tank. The accidentsare describedin UnusualOccurrence
Reports(UORs) and summarizedbelow.

• UOR 1992-(X}29- In this eventa dryweUmonitoringvan backedover a riserat
I04-SX and puncturedits gas tank. Two gallonsof gas spilledonto the ground
andfive morewerecaughtin a bucketwhilespilling. It is importantto notethat
the driver did a 360 walk-aroundprior to backing up and noticed the riser, but
still hit the riseranyway. The riserwas not openedin the accident.

• UOR 1993-0076- In thisevent, a dryweUmonitoringvehicle backedinto a riser
at 108-S. A pinholeleak in the vehicle's gas tankresulted,but the riser was not

- openedin the accident.
0

A review of UORs shows threeevents of a naturesimilarto those of concernin this analysis.
In April 1992 there was a backingaccidentat the Grand/unction,Coloradosite thatresulted
in the spill of approximately25 gallonsof gasoline (ALO-GEO-GJD-1992-(X)4).In
November 1992, the Los AlamosNationalLaboratoryexperienced a backingaccidentthat
resultedin the spill of 20 gaUonsof gasoline(ALO-LA-LANL-SECURrFY-1992-0010).In
February1994, at the SandiaNationalLaboratory,there was a backingaccidentthatvery
closely approximatedthe accidentbeingdepictedin this analysis
(ALO-KO-SNL-NMSEC-1994-(XX)2).A vehicle backedinto a metalpost (approximateIytwo
feet high) thatpuncturedthe gas tank. The vehicle was stuckon the post and the gasoline
leakedinto a watercontrolvalve pit untilthe tankwas empty. ApproximatelyI0 to 15
gallonsof gasoline were involved. The only thinglackingin the accidentthatis modeled in
this analysiswas ignitionof the gasoline.

IZZSI_. Z8 B2OgZNO1PNNOR orl' BY &(:CZDIDiT

The risers are madeof low carbonsteeland arenot proneto brittle fracture,especiafiywith
the low energy forces involved in a simple "fender-bender,"but a 1991-1992UORshows
thattankfarmrisen can corrodeand asa result breakemily upon impact. This UOR
recordsthata thermocoupleriser was brokenoff when a front-endLoaderbackedover it at
T Farm. Inspectionof the riser revealedthatit was heavilycorrodedand may nothave
requiredthe mass of a front-endloaderto shearit off. For these reasons, the probabilityof
this event is conservativelytakenas 1.0 for this analy_.

d
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This event accountsfor the 8asoline from thepuncturedgu tankenteringthe open riser and
flowinginto the tank. This event is also given a probabilityof 1.0 for conservation.

" Because the puncturepoint in the fuel tankis the placeof impactbetween the riserand the
vehicle the hole will be above the damagedriser allowinggasoline to flow into the riser.

(

LF,._ZNG GUOLZNI! ZII ZGNZTID

This event accountsfor the chance thatthe gasoline will ignite, given that it has already
_IJed from a rupturedfuel tank. The value was takenfrom WHC-SD-TP-RPT-007,
Revision0, a WestinghouseHanfordtransportationsafety analysiswhich quotedvehicle fires
in a _on-roUoveraccidentas 1.0E-02. ..

G]_.SOLZNIV]LPORZSl8TO >LFL ZM DOKll8P&ClI.

Thiseventde.scribesthesituationin whichthegasolinehasleakedinto thetank,butdid not
igniteimmediately.Thiseventis alsoconservativelytakenas 1.0undertheassumptionthat
if anygasleaksinto thetankat alL,enoughgasolinecanleakintothetankto setupanI._
(lowerflammabilitylimit)condition.

DOM_8l)&C]l ZGNZTZON80URCll RESULT8'rN ...

ZGNZTZONOF GUOLZNI V'APOR8

Thissituationis consideredto be similarto the ignitionhazardat the hydrogen-generating
tank-101-SY. The probabilityof an ignitionsourcepresentin 101-SY is 1.0E-03 as statedin
LAUR432-3196,Revision5, Section5-8 (Safety Assessmentfor ProposedPumpOperationto
MitigateEpisodicGas Releases in Tank 241-SY-101). Althoughthe system configuration
differsgreatlybetween 101-SYand C-103, this dataapplicationis consideredconservativeas
101-SY has more sparkgeneratingcomponentssuchas cameras,lights and otherinstruments.

BURNZNGGUOLZN]I Z8 8UFFZC_ZEHTTO ZNZT'r_T| POOL i'1']11

This event is giw::,_a probabilityof 1.0 as any burningliquidenteringthe tankis considered
sufficientto start_ organiclayer burning. The event is includedonly to betterillustrate

,,- theprocesses leadingto the _dstates.

lUl iii i,ii l I
mn n _,,m,_n I IlllU
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3.4 RIS_Tt

Accident sequences were evaluated in the event tree shown in Figure 1. The frequency for a
pool fire in the C-103 tank wu calculated to be 6.71E-05 per year. The frequencT for vapor
ignition in the tank wu calculated to be 6.64E-06 per year. The frequency of pool fire is
driven by the likelihood of ignition of leaking fuel. The frequency of a vapor ignition event
is driven by the likelihood of an ignition source being present in the tank. Since neither
frequency is less than 1.0E-06 per year, these sequences cannot be considered incredible. ,,

Edwards,L N.,Sole@A.tses.TnentforProposed Pump OperationtoMitigateEpisodicgas
-ReleasesinTank241-¢-101,LosAlamosNationallabortory,Los alamos,New
Mexico.

Kelly,J'.e.andM. d.Zentner,December1993,StandardTransportationRiskAssesonent
Methodology, Westinghouse Hartford Company, l_chland, Washington.

i | ii i i i m
i i ii1| ii i Ill I Ill I I I Ill ,

l



Figm-¢_-1. Event Tree for V_cle A_t Caused F_
F_ m _ C-103 W_ T_



This page intentionally left blank.

i
ii

E-IO



WHC-SD-WM-SAP.R-001 Rev. 0

o

APPENDIX F

TEMPERA'llYRE DIFFERENCE IN HEADSPACE AIR
CAUSED BY DECAY HEAT DISSIPATION

o

.(
.

1::-1



WHC-SD-WM-SARR-001l_v. 0

i i i ii IH ._ i --+ .... i iiiii ii i[l[i i ii iill i Ill I I I
iiiiiii iii iiii __ _- I .... II IIIII II II " " I iii rll II ii ii iiiii ] I ii

Thispageintentionallyleh blank.

d

i iiulnu i Inllll nl iillunnu

F-2



WHC-SD-WM-SAP.R-001 R_, 0

i jill Hi ill ill ii llll i i _ ii i i __j Ill ill i i!_ ,.._.!!. i . ill I l lfl Hi,Illegal II I I II I.... ... _ llvHIIIII_ U IIIIIIll Ill .

APPENDIX F

_.A_ GRADIEN'_ IN HEADSPACE AIR
CAUSED BY DECAY HEAT DISSIPATION

The transfer of decay heat energy upwardfrom the waste surface, throughheadspace air
impose: a temperature difference across head_ air. The magnitude of the temperature
gradient plays a role in the formation of condensation aerosols as described in Appendix D
and in Section 6.1.3 of the main body of this report. Also, it is important to know passive
heat dissipation capabiUtiesunder dry conditions (i e. where evaporation and condensation do
not contribute significantly to heat transfer). For these reasons the magnitudeof the
temperaturedrop across head_.e air is computed in this appendix.

Three different heat transport mechanisms for transferringdecay heat from the upper surface
of the waste to the inner surface of the concrete dome can be identified:

• Radiation
• Convection
• evaporation/condensation.

The last of these, evaporation/condensation could be important for tanks in which aqueous
supematantliquid covers the waste. However, for waste which exposed a dry upper surface
to headspace air, evaporation/condensation would be relatively unimportan¢. Tank C-I03 has
a floating organic liquid layer that could suppress the rate of water evaporation. Evaporation
and condensation of water vapor is neglected in the analysis that follows. Predicted
temperaturedifferences will therefore be larger than would be calculated if evaporation were
accounted for. Higher temperatm'edifferences lead to higher predicted aerosol
concentrations (see Appendix D); hence this assumptionis conservative with respect to
predicted organic aerosol concentrations.

Heat transportto the concrete dome .,'_.u_edby the reflux of organic liquid can be estimated
from vapor condensation rates computed in Appendix D. Based on a condensation flux of
2.26 x 10.5 Ib/hr _, an ares of 4418 _, and a latent heat of II0 BTU/Ib

, (Hougen et al. 1934), the heat transfer rate is:

, Q - 2.26 x 10"s _ x 4418fl': x 110--_-_/b = 11 BTr.;ha.• /u"j_2

f

This heat transfer rate is small (< 0.1%) compared to the total, and evaporation/condensation
of organic liquid can be neglected as a significant heat transportmechanism.

F-3
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NATURAL CO_CTION

Natural convectionwasquantifiedon thebasisof heattnmsfexcorrelations(McAdams1954)
thatrelateNuueltno.totheproductGrashovandPrandtlnumbers:

- a IX]" (F-t)

where:

Nu - Nusseltnumber - kUk
h -.. Heat transfer coefficient

L = Characteristiclength
k - Theamalconductivity of fluid
a - A constant

X = Or.Pr
Gr = Grashov number =

L'p2pAT
_2

# - Fluid density
- Fluid thermalexpansion coefficient

AT -- Temperature difference in fluid
= Viscosity of fluid

" Pr - Prandtl number - CF _k
C, = Heat capacity of fluid,
n ,,A constant.

Numericalvaluesofconstantsa andn L;el_ndonthevalueofX and_,bephysical
configuration that appfies.

For tank C-103, L is 75 ft, the tank diameter. The value of X for L - 75 fl, for AT -
1 °F, and for fluid properties evaluated for air at 105 °F X was computed to be 7 x 10n.
This value is in the turbulentrange, for which the value of n in Equation (F-1) has a value of
1/3 (McAdams 1954). For horizontal enclosed spaces heated from below, a simplified form
of EqUation_-1) is derivable from the work of McAdams (1954) to be:

4

I

h, - 0.1 ATIn _-2) •

i ii iiii i iiiiiii iii i .
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where:

_, I%= BTU/hr°P
_T - Temperaturedlffm'ence,"F.

The constant,0.1, in Equation_-2) appliesfor airat l arm.pressureandordinary
temperaturu.

RADIATIONHEAT _SFER

Radiationof heatfromthe wastesurfaceto the tankdomewas quantifiedon thebasis of the
followingsimpUfy_gassumptionsandnumericalestimates.

• Geometryis representableby twodiscs (TSft dia.) separatedby a nonabsorbing
medium,connectedwithcyUndricmlwalls thatarenonconductingandremdiating.

• Distance_tween discs is 18.3 ft, the estimateddistancebetweenthe current
wastesurfaceandthe top of the cylindricalwall of the tank.

• A view factorof 0.77, takenfromFigure4.11 of McAdams(193_,)for a
diameter/spacingratioof 73118.3,appliesfor the tank.

• Absorptionof radiationby watervaporin headspa_ airand radiationfrom water
vaporto thedome were neglected.

• Emissivitiesof organicliquidwhichcoversthe wastesurface,andconcrete
which makesup the dome, wereassignedvaluesof 0.82 and0.91 respectivelyon
the basis of datapresentedby McAdams(1934).

Basedon the modelcharac_ized by the assumptionsdescribedabove, the radiationflux may
be calculatedfrom thefol/owingequation_{cAdams 1934):

where:
1

q_"q2 = Radiationheattransportrate from surface1 to surface2
Al = Areaof surfaceI

Jr_2 = Radiationfactor
o'= Stefan- Boltzmanconstant

TI,T2= Absolutetemperaturesof surfaces1 and 2.

F-3
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The productAl._sz for thecase of two sour",_stnkzones (Atand Az)withrelativelyhigh
emiuivitiu is relatedto controlling_etars by the foUowins_lUaflon(McAdams1984).

°.

whens:

e_ - Emissivityof surface1
• SIt

-Vlew factor.

Substitutingapplic_le values of e_, e2,and_ into F_tuationOZ-#,)resultsin a predicmd_2
valueof 0.62.

SUM OF RADIATION AND CONVECTION
i

Overallheattransferroteresultingfromradiationandconvectionwas_omputedbysumming
Equations(F-3)and (F-2),takingsurfaceareatobethatof exposedweste,4418ft_andthe
wasussurfacemmpemtureto be 106°F. Re,suitsare summarizedin TableF-I andshown
graphicallyin FigureF-I.

o

Table F-1. HeatTransportRam Computedfor Convectionand Radiationin TankC-103.
, ,, t Hill i n i

*T*
OF Heat transportrote- BTU/hr

ur I UllilI IIIII • I I I I hill , i Hun ii

Convection Radiation Total

............................" 1 442 3,402 ' .......3134,0,

ii [ " 2 i ii iii iiii iii IlllM nil I IIIIlUll1,113 6,759 7,870 ,

................... .......3 1,913 10, 11,990 #
Hi laJ i t t tt i i i H tHit
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Figure F-1.
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As indicated by the dataof Table F-l, radiationis the dominant heat transport mechanism.
The other key feature of the results shown in Table F-I is that the temperaturedifference
across the headspace air volume is quite small, a few degrees Fahrenheit, for the range of
heat loads considered.

This temperaturedifference is 3.3 °F (1.8 °C) is reflective of the total temperaUtredrop
across boundarylayers at both the heated and cooled surfaces. The temperature difference
across each boundary layer is thus predicted to be less than2 °F. Two important
conclusions that may be drawn from this result are

1. Decay heat can be dissipated from tank C-103 by passive processes that do not
depend on the evaporation of water from the surface of the waste

2. Temperature gradients that could lead to the formationof aerosols by
condensation are quite small, less than 2 °F across boundarylayers at the
organic liquid-air interface and at the air-dome surface.

An estimated temperature difference for tank C-103 is identified on Figure F-I as
approximately 3.3 °F. This estimate is based on an estimated heat transferrate across the
organic-air interface. This rate was calculated from the total heat load (18,000 Btu/h) minus
the fraction of the heat predicted to be transferredfrom the bottom of the tank
(Crowe et al. 1993):

_er rate = 18,0G0_U x (1-0.18) -- 14,800 B_ 'U
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