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1.0 INTRODUCTION

This document establishes interim criteria for identifying single-shell
radioactive waste storage tanks at the Hanford Site that contain organic
chemicals mixed with nitrate/nitrite salts in potentially hazardous
concentrations. These tanks are designated as "organic Watch List tanks."

Watch List tanks are radioactive waste storage tanks that have the
potential for release of high-level waste as a result of uncontrolled
increases in temperature or pressure. Organic Watch List tanks are those
Watch List tanks that contain relatively high concentrations of organic
chemicals.

Because of the potential for release of high-level waste resulting from
uncontrolled increases in temperature or pressure, the organic Watch List
tanks (collectively) constitute a Hanford Site radioactive waste storage tank
"safety issue."

The approach established for identifying single-shell waste tanks to be
included on the organic tanks Watch List requires that the waste in each tank
be classified as safe, conditionally safe, or unsafe. The interim criteria
presented in this document will be used to achieve this classification on a
preliminary basis.

Single-shell tanks with waste classified as "safe" will not be included
on the organic tanks Watch List. Routine tank monitoring will continue.

Single-shell tanks with waste classified as "conditionally safe" will be
included on the organic tanks Watch List. Enhanced tank monitoring will be
initiated.

Single-shell tanks with waste classified as "unsafe" will be included on
the organic tanks Watch List. Enhanced tank monitoring will be initiated.
A tank with waste classified as "unsafe" will be subject to near-term
mitigation and/or remediation actions. The programmatic logic for these
actions is described in Status Report on Resolution of the Waste Tank Safety
Issues at the Hanford Site (Reep 1993).

The criteria are designated as "interim criteria" for the following
reasons,

* The technical information supporting the criteria is preliminary in
nature and of limited availability at this time. Additional
technical information is required to verify the technical basis for
the criteria.

e The criteria are subject to revision based on new technical
information.

1-1
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The criteria are to be used to conduct a preliminary screening of
the 149 single-shell waste tanks at the Hanford Site to identify
candidates for the organic tanks Watch List. The purpose herein is
to identify tanks that require enhanced levels of monitoring and
controls to meet safe interim storage objectives.

The criteria are not intended to be used, in their present state of
development, for resolution of the organic tanks safety issue.
Additional laboratory testing, waste characterization data, and
technical analyses are required to support safety issue resolution
in a satisfactory manner.
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2.0 BACKGROUND

Nine single-shell radioactive waste storage tanks are currently included
on the organic tanks Watch List. These nine tanks are identified in
Table 2-1. Eight of the tanks are included on the Watch List based on
inferred total organic carbon (TOC) content >3 wt.% (dry basis). A ninth tank
(241-C-103) is included because it has a floating organic layer. An
Unreviewed Safety Question was also declared for tank 241-C-103 on
September 21, 1992 because the potential for ignition and combustion of the
floating organic layer is not adequately addressed by existing safety.
documentation (Richardson 1992).

Table 2-1. Organic Tanks Watch List -
September 1993.

Single-Shell Waste Tank OrgTaonci c(dCr%ntbeansti sw)t %
241-8-103 3.3
241-C-103 -
241-5-102 6.1
241-5X-106 4.3
241-TX-105 3.7
241-TX-118 5.9
241-U-106 13.6
241-U-107 4.3
241-U-111 ~14

"Tank 241-C-103 is included on the organic
tanks Watch List because the potential for
ignition and combustion of the floating
organic layer is not adequately addressed
by existing safety documentation.

The technical basis for the current organic Watch List tank criterion
[TOC >3 wt.% (dry basis)], is described in The Kyshtym Explosion and Explosion
Hazards with Nitrate-Nitrite Bearing Waste with Acetates and other Organic
Salts (Fisher 1990),

2-1
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The following technical deficiencies of the current organic tanks Watch
List criterion are recognized.

The TOC >3 wt.% (dry basis) criterion is based on 1imited jaboratory
screening studies (Fisher 1990). These screening studies are, at
best, qualitative in nature, and would be difficult to validate.

The criterion does not address waste moisture content, which reduces
the potential for a propagating organic-nitrate/ nitrite reaction.

The criterion does not address waste temperature, a key parameter
controlling the potential for a propagating organic-nitrate/nitrite
reaction.

Accordingly, the criteria presented in this document have been developed with
the objective of redressing these technical deficiencies.

The Hanford Site Tank Farms Facilities Interim Safety Basis (WHC 1993)
addresses the organic tanks safety issue in the following four categories:

Potential uncontrolled reactions between air and flammable gases
(radiolytics, volatiles, and aerosols) in the tanks' headspace

Potential uncontrolled reactions between a flammable 1iquid and air
(a pool fire) in tanks that have floating organic layer
(tank 241-C-103)

Potential uncontrolled reactions between air and solid waste
saturated with organic liquid at the air/waste interface

Potential uncontrolled reactions between organic chemicals (fuel)
and nitrate/nitrite salts (oxidizer) in solid waste.

This document addresses the fourth organic tanks safety issue category,
potential uncontrolled reactions between organic chemicals and nitrate/nitrite

salts.

Criteria that address the remaining three organic tanks safety issue
categories will be developed as the Waste Tank Organic Safety Program matures.
Additional information is required to develop technically based criteria for
these remaining three categories. Rationale is outlined below:

Instrumentation to representatively sample flammable gases
(radiolytics, volatiles, and aerosols) in a tank's headspace has not
been deployed in the organic Watch List tanks. This task is
scheduled to be accomplished in the fiscal year (FY) 1994-1996
timeframe. Operating specifications for organic Watch List tanks
(Godfrey 1992) currently require that flammable gas concentrations
‘n a tank's headspace be less than 20 percent of the lower
fiaimmability limit before conducting any work inside the primary

2-2
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ventilation space (tank's headspace or associated exhaust
ventilation system)*. The safety issue relates to the ability to
representatively sample radiolytic, volatile, and aerosol
constituents in the tank's headspace. Heated tube sampling systems
are planned to provide representative sampling capability.

e The floating organic layer in tank 241-C-103 has not been adequately
characterized to permit assessment of the safety issue. Some
evidence suggests that the floating organic Tayer in this tank might
be made inert by dissolved water (WHC 1993). Near-term plans
include the retrieval of dip samples of the floating organic layer
and underlying aqueous phase, their analysis, and completion of a
safety assessment based on the analytical results. This is
scheduled to be followed by removal of the floating organic layer
from the tank during FY 1995.

e No single-shell waste tanks are currently included on the organic
tanks Watch List because of the potential for an uncontrolled
reaction between air and solid waste saturated with organic liquid
at the air/waste interface. However, the need for an Unreviewed
Safety Question screening for tank 241-C-102, and possibly other
tanks, is being investigated. Tanks 241-C-102, 241-C-104, and
241-BY-112 contained floating organic layers at one time. The
safety concern is related to whether organic liquid could have been
absorbed in solids at the waste surface during operations to remove
supernatant and drainable interstitial liquids from the tanks.
blank.

*The National Fire Protection Association recommends 25 percent of the
lower flammability 1imit. Operating specifications are currently established
(conservatively) below this value.

2-3
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3.0 STRATEGY FOR SAFETY ISSUE RESOLUTION

The strategy to be employed for organic tanks safety issue resolution
(Christensen 1993) is shown in Figure 3-1. This strategy was transmitted to
the Defense Nuclear Facilities Safety Board by the U.S. Department of Energy,
Headquarters on August 25, 1993 (Christensen 1993). The following are key
steps leading toward safety issue resolution:

e Identification of criteria for organic tanks safety issue resolution

e Classification of waste in single-shell tanks into three levels
(safe, conditionally safe, and unsafe), in compliance with the
criteria.

This document represents a first step toward identification of criteria
for organic tanks safety issue resolution. However, as stated in Section 1.0,
the interim criteria are not intended to be used in their present state of
development for resolution of the organic tanks safety issue. Rather, the
interim criteria are intended to be used to conduct a preliminary screening of
the 149 single-shell waste tanks at the Hanford Site to identify candidates
for the organic tanks Watch List.

Preliminary classification of waste in single-shell tanks into three
safety levels (safe, conditionally safe, and unsafe), in compliance with the
interim criteria, will be accomplished by the Waste Tank Organic Safety
Program during FY 1994 and reported in separate documentation.

The relationship between classification of waste into three safety levels
(safe, conditionally safe, and unsafe), and identification of single-shell
waste tanks to be included on the organic tanks Watch List is shown in
Table 3-1.

Single-shell tanks with waste classified as "safe" will not be included
on the organic tanks Watch List. Routine tank monitoring will continue.

Single-shell tanks with waste classified as "conditionally safe" will be
included on the organic tanks Watch List. Tank monitoring will be initiated
in compliance with operating specifications for Watch List tanks
(Godfrey 1992). Technical activities supporting resolution of the organic
tanks safety issue will continue.

Single-shell tanks with waste classified as "unsafe" will be included on
the organic tanks Watch List. Tank monitoring will be initiated in compliance
with operating specifications for Watch List tanks (Godfrey 1992). Near-term
safety issue mitigation and/or remediation actions will be implemented as is
technically feasible. "Mitigation" implies in-tank waste treatment to convert
single-shell tank waste classified as "unsafe" to a "conditionally safe"
classification. Mitigation actions might include adding water to a single-
shell tank to increase waste moisture content, or adding water to and force
ventilating a tank to reduce waste temperature. "Remediation" implies waste
retrieval and out-of-tank treatment to achieve safety issue resolution.
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The following waste parameters are to be addressed in the interim
criteria:

Waste organic concentration
Waste moisture content
Waste temperature.

The single-shell tank safety objective that leads to classification of
waste into three safety levels is discussed in detail in Appendix A.

Table 3-1. Relationship Between Waste Classification Level
and Organic Tanks Watch List.

Include Tank On

Organic Tanks Safety Issue Management

Waste Classification

Level Watch List Response
Safe No Continue routine tank
monitoring.
Conditionally safe Yes Initiate tank monitoring in

compliance with operating
specifications for Watch List
tanks.

Unsafe Yes Initiate tank monitoring in
compliance with operating
specifications for Watch List
tanks.

Implement near-term safety
issue mitigation and/or
remediation actions as
technically feasible.
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Resolution.

Figure 3-1. Strategy for Organic Tanks Safety Issue
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4.0 INTERIM CRITERIA FOR ORGANIC WATCH LIST
TANKS AT THE HANFORD SITE

Interim criteria for organic Watch List tanks at the Hanford Site are
summarized in Table 4-1.

As indicated in Section 3.0, "Strategy for Safety Issue Resolution,"
waste in single-shall tanks will be classified into three levels (safe,
conditionally safe, and unsafe). Single-shell tanks with waste classified as
"safe" will not be included on the organic tanks Watch List. Tank with waste
classified as "conditionally safe" or "unsafe" will be included on the organic
tanks Watch List.

Criteria for classifying single-shell tank waste as safe, conditionally
safe, or unsafe (and thereby identifying single-shell tanks to be included on
the organic tanks Watch List in compliance with Table 4-1), are discussed in
this section. The technical basis supporting the criteria is addressed in
Section 5.0, Technical conservatism is addressed in Section 6.0,

Table 4-1. Interim Criteria for Organic Watch List Tanks
at the Hanford Site.

Waste Criteria
Level C]aSS'if'ication Parameter Value
1 Safe Waste organic concentration | <5wt.% TOC (dry
basis), and
Waste temperature <149 °C
2 Conditionally Waste organic concentration | >5 wt.% TOC (dry
safe basis), and
Waste moisture content 217wt . %, and
Waste temperature <90°C
3 Unsafe Failure to meet Level 2 Criteria

4-1
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Level 1 - Safe (Non-Watch List Tank)--Single-shell tank waste will be
classified as "safe" if the following criteria are met:
* The TOC content of the waste is <5wt.%* (dry basis), and
* Waste temparature is <149 °Ch*,

Nitrate/nitrite concentration and waste moisture content are not limiting
(constraining) parameters (Christensen 1993).

Level 2 - Conditionally Safe (Watch List Tank)--Single-shell tank waste
will be classified as "conditionally safe" if the following criteria are met:

o The TOC content of the waste is >5 wt.% (dry basis), and

*This criterion implies the following:

e The TOC content of the waste has, at no point within the tank, been
measured (based on waste sample analytical data) to exceed 5 wt.%
(dry basis), or

* The average TOC content of the waste, inferred from the TRAC
computer code (Jungfleisch 1984), does not exceed x wt.% (dry
basis). The value of x will be determined by work currently in
progress by the Waste Tank Organic Safety Program to "calibrate" the
TRAC computer code using waste sample analytical data.

* The TOC content of the waste will be determined from waste sample
analytical data, rather than the TRAC computer code, if waste sample
analytical data is available.

**Based on temperature measurements using instrumentation available
within single-shell waste tanks as of December 31, 1993.

4-2
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e Waste moisture content is =17wt.%,* and
o Waste temperature is <90°C#*,

Nitrate/nitrite concentration is not a limiting (constraining) parameter
(DOE 1993).

Level 3 - Unsafe gwatch List Tank Subject to Near-Term Mitigation/
Remediation Actions)--Single-shell tank waste will be classified as "unsafe"
if the waste fails to meet the Level 2 Criteria (Christensen 1993).

*This criterion implies the following:

* The moisture content of the waste has, at no point within the tank,
been measured (based on waste sample analytical data) to be less
than 17 wt.%, and

e Compliance with the criterion may be inferred from the presence of
free standing liquid on the waste surface, "Waste surface" is
defined as a continuous layer of solids that span the diameter of
the tank, not as waste solids that might be present on the surface
of free standing 1iquid because of buoyant forces, or

* Compliance with the criterion may be inferred from appropriate
laboratory analytical data on representative single-shell tank waste
simulants. The laboratory analytical data must confirm that the
equilibrium moisture content of single-shell tank waste, from which
water is free to evaporate under representative single-shell tank
waste storage conditions (including active ventilation), exceeds
17 wt.%. Appendix C illustrates preliminary laboratory analytical
data obtained to investigate this method .f demonstrating compliance
with the waste moisture criterion.

**Based on temperature measurements using instrumentation available
within single-shell waste tanks as of December 31, 1993,
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5.0 TECHNICAL BASIS

The technical basis supporting the interim organic Watch List tank
criteria is presented in the following sections.

5.1 REPRESENTATIVE ORGANIC WASTE SURROGATE

Large quantities of organic chemicals have been disposed to single-shell
tanks at the Hanford Site as waste from chemical processing operations (Allen

1976, Martin 1985, Gerber, et. al. 1992).

"Estimated Inventory of Chemicals

Added to Underground Waste Tanks, 1944 through 1975" (Allen 1976) suggests
that the majority of the disposed organics are those shown in Table 5-1.

Table 5-1. Organic Chemicals Disposed to Underground Storage Tanks.

Organic Chemical Formula for Sodium Salt® | Quantity (Gram Moles)
Hydroxyacetic Acid NaC,H,0y 9.0 x 10°
Citric Acid NayC(Hy0, 3.3 x 10°
HEDTA' NayCygHys0,N, 2.7 x 10°
EDTA? Na,CyoH; 08N, 0.57 x 10°

’N-(hydroxyethyl)-ethylenediaminetriacetic acid

tthylenediaminetetraacetic acid

SForm of compound existing in strongly alkaline environment of single-shell
tank waste

The information in Table 5-1 was derived from process flowsheet
compositions and recorded waste volumes sent to underground waste storage
tanks from 1944 through 1975 (Allen 1976).

In Appendix B, it is demonstrated that sodium acetate (NaC,H,0,) closely
approximates the "weighted average" chemical formula of the organic chemicals
shown in Table 5-1. For this reason, sodium acetate is proposed to be a
representative organic waste surrogate for estimating the energetics of
single-shell tank waste relative to a propagating organic-nitrate/nitrite
reaction.

The use of sodium acetate as a representative organic waste surrogate
needs to be qualified in three respects:

o It does not account for the presence of process solvents
(principally normal paraffin hydrocarbons and tributyl phosphate and
their degradation products) that were originally present in unknown
(but possibly significant) quantities in the single-shell waste
tanks. Although process solvents were not routinely disposed in the
single-shell tank system as such (i.e., as reflected in process
flowsheet compositions and recorded waste volumes), significant

5-1
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quantities entered the tanks entrained in "organic wash waste" from
the chemical process facilities. The fate of process solvents
disposed in the single-shell waste tanks is largely unknown.

A major fraction of the organic originally present might have been
lost over the course of time as a result of evaporation and waste
evaporator operations (e.g., normal paraffin hydrocarbons), or
hydrolyzed to a less reactive waste form (e.g., tributyl phosphate).
"Resolving the Safety Issue for Radioactive Waste Tanks with High
Organic Content" (Babad et. al. 1993a) indicates, based on
thermodynamic considerations, that the energetics of an organic-
nitrate/nitrite reaction involving normal paraffin hydrocarbon would
be significantly greater than that of sodium acetate for a given TOC
level. However, attempts to induce a propagating organic-
nitrate/nitrite reaction with volatile organics (e.g., process
solvents) proved negative in earlier investigations. When heated
slowly and uniformly, volatile hydrocarbon was observed to evaporate
(unreacted) before ignition temperatures were reached

(Baca et. al. 1978). To the extent that process solvents and their
degradation products are present in single-shell tank waste, use of
sodium acetate as an organic waste surrogate might be non-
conservative. However, based on the current state of knowledge, a
definitive assessment of the degree of non-conservatism (if any) is
not possible.

Organic chemicals disposed in the single-shell tanks, particularly
the complexants addressed in Appendix B, are believed to have
undergone significant aging (degradation) over the course of time,
resulting in more highly oxidized (and therefore less energetic)
waste forms (Babad et. al. 1993b). To the extent that waste aging
has taken place in single-shell tank waste, use of sodium acetate as
an organic waste surrogate is conservative. Again, however, a
definitive assessment of the degree of conservatism is not possible
basod on the current state of knowledge. In any event, it should be
noted that the criteria in this document are not intended to apply
to single-shell tanks known to hold, or known to have formerly held,
a floating layer of organic (refer to Section 2.0). Criteria that
address potential uncontrolled reactions between air and a floating
organic layer, or air and solid waste saturated with organic liquid,
will be developed as the Waste Tank Organic Safety Program matures.

Recent work by John Watkin of Los Alamos National Laboratory has
reported the presence of very small amounts of mononitro aliphatic
carboxylic acids, and long chain aliphatic carboxylic acids
resulting from contact of normal paraffin hydrocarbon/tributyl
phosphate mixtures with strong nitric acid (at concentrations higher
than those uvsed in the Purex flow sheet) (Watkin 1993). Such
species are likely to be somewhat more reactive with nitrate-nitrite
oxidizer systems than the parent compounds. However, their low
concentration under the highly reactive conditions used by Watkin
suggests that they should not significantly enhance the fuel value
of organic materials in the single-shell tanks. The Waste Tank
Organic Safety Program plans to evaluate the characteristics
(energetics and degradation) of these materials during FY 1994,
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In summary, use of sodium acetate as a representative organic waste
surrogate appears to be reasonable based on the current state of knowledge.
Additional single-shell tank waste characterization information, which
addressaes specific organic constituents rather than TOC content, is required
to confirm this contention. This waste characterization information is
scheduled to be obtained during FY 1994 and outyears.

§.2 LEVEL 1 CRITERIA

The technical basis for the Level 1 Criteria is a series of organic waste
surrogate energetics tests conducted by Fauske & Associates, Inc.
(Fauske 1993) and the United States Bureau of Mines (USBM 1993).

Fauske and Associates, Inc. used a Reactive Systems Screening Tool (RSST)
adiabatic calorimeter to assess the conditions under which a mixture of sodium
acetate-nitrate/nitrite salts could sustain a propagating reaction. The test
mixtures employed are shown in Table 5-2.

The test mixture with 7 wt.% TOC (Test 1, Table 5-2) exhibited
propagating behavior at about 300 °C (Fauske 1993). However, the test mixture
with 5 wt.% TOC (Test 2, Table 5-2) showed exothermic behavior close to
200 °C, but no transition to a propagating reaction (Fauske 1993). Results
for the test mixture with 3 wt.% TOC (Test 3, Table 5-2) were similar to those
for 5 wt.% TOC. From these data Fauske and Associates, Inc. conclude that a
propagating sodium acetate-nitrate/nitrite reaction is possible at about
6 wt.% TOC, but not for TOC concentrations below this value (Fauske 1993).
Accordingly, 5 wt.% TOC is selected as a reasonable upper limit for non-
propagating sodium acetate-nitrate/nitrite mixtures. Further, since sodium
acetate is proposed to be a representative organic waste surrogate (refer to
Section 5.1), 5 wt.% TOC is recommended as a reasonable upper limit for
single-shell tank waste classified as "safe."

Table 5-2. Test Mixtures for Fauske & Associates, Inc.
RSST Adiabatic Calorimeter Tests.
Wt.% Sodium
Wt.% TOC Wt.% Sodium Wt.% Sodium
Test (Dry Basis) Acetate Hydroxide1 Nitaﬁtiaiggium
1 7 24.0 12.0 64.0
2 5 17.2 8.5 74.3
3 3 10.4 5.0 84.6

;One mole sodium hydroxide per mole sodium acetate.
Sodium nitrate/sodium nitrite - 4/1 weight basis.

Exothermic (but not propagating) behavior was noted for all three test
mixtures included in Table 5-2, at temperatures above approximately 180 °C

(Fauske 1993).

behavior, are summarized in Table 5-3.
cooldown) are evident.

5-3

Gas pressures recorded in the RSST, as a result of exothermic
Significant gas pressures (after
While RSST test results are not directly applicable to
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single-shell waste tanks, it is apparent that gas pressures generated by an
exothermic organic-nitrate/nitrite reaction could conceivably compromise tank
structural integrity. Therefore, criteria for single-shell tank waste
classified as "safe" must address the potential for exothermic (as well as
propagating organic-nitrate/nitrite) reactions. A maximum waste temperature
criterin of 149 °C is recommended accordingly (refer to Table 4-1,

Section 4.0), This temperature is 22 °C below the lowest exothermic reaction
initiation temperature noted in organic waste surrogate energetics testing by
Fauske & Associates, Inc. (Fauske 1993) and the U. S. Bureau of Mines

(USBM 1993), and is compatible with operating specifications for single-shell
waste storage tanks (Boyles 1992). Maintaining single-shell tank waste
temperatures below 149 °C will ensure that significant gas pressures resulting
from exothermic reactions are not generated.

Information from differential scanning calorimeter (DSC) tests conducted
by the U. S. Bureau of Mines (USBM 1993) also confirms the need for specifying
a maximum waste temperature for single-shell tank waste classified as "safe."
DSC tests were conducted using the sodium salt of ethylenediaminetetraacetic
actid (EDTA) in flowing air and nitrogen, without oxidizer (sodium nitrate or
sodium nitrate/sodium nitrite). Test results are shown in Table 5-4. These
results show that, in air, EDTA decomposes and releases carbon dioxide and/or
carbon monoxide from the four acetic acid groups. The ethylenediamine portion
(-NCH,CH,N-) is more stable, but if heated further, EDTA decomposes and forms
a cargonate. Conversion to carbonate is complete at about 750 °C. The
released carbon monoxide and the decomposition products oxidize in the flowing
air and give rise to the large exotherm. The total amount of energy released
during the exothermic process in three separate tests was approximately
7,870 Joules per gram (J/g) of EDTA. Tests in a nitrogen flow resulted in an
exotherm which extends from roughly 185° to 405 °C. The energy release for
the main exotherm, found in two tests in nitrogen, was 545 J/g. The residues
from the tests in nitrogen were black, as a result of pyrolysis without
oxidation, whereas the residues from the tests in air varied in color.

Table 5-3, RSST Gas Pressures After Cooldown.
ry Basis) | rheoretical Actual (psi)
1 7 .043 .044 44
2 5 .03 .008 8
3 3 019 .003 3

'For reaction:

From reaction temperature to approximately room temperature.

NaC,Hs0 + 1.6 NaNO; -» 1.3 Na,CO3 + 1.5 H,0 + 0.7 CO, + 0.8 N,.
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Table 5-4. DSC Results for Sodium Salt of Ethylenediaminetetraacetic Acid
(Without Oxidizer) in Flowing Air and Nitrogen.
Decomposition
Peak Temperature Decomposition
Atmosphere Onset {gmgsrature (° C) Exotherm (J/g)
Flowing air 290-300 400-410 7,870
Flowing nitrogen ~185' 370 545°

;Difficult to determine.
Average of three tests.
Average of two tests.

In summary, the U. S. Bureau of Mines data confirms that at high
temperature, organics (such as EDTA) can decompase in the presence of air with
a large release of energy. A maximum waste temperature for single-shell tank
waste classified as "safe" needs to be specified accordingly. Table 4-1,
Section 4.0, therefore includes a maximum waste temperature of less than
149 °C as a Level 1 Criterion.

5.3 LEVEL 2 CRITERIA

Level 2 Criteria, applicable in single-shell tank waste classified as
"conditionally safe," permit TOC concentrations above the 5 wt.% TOC (dry
basis) specified by Level 1 Criteria. This is possible due to the inclusion
of a minimum waste moisture criterion (=17 wt.%), and inclusion of a highly
conservative maximum waste temperature (<90 °C).

Adiabatic calorimetry test results by Fauske & Associates, Inc., using
the vent sizing package (VSP) calorimeter indicate that the heat of reaction
for a sodium acetate-nitrate/nitrite mixture is approximately 3.7 mega Joules
per kilogram (MJ/kg) of sodium acetate (Fauske 1993). The VSP adiabatic
calorimeter measures adiabatic temperature rise to accurately determine the
heat of reaction associated with exothermic activity. Using the 3.7 MJ/kg
heat of reaction, and accounting for the sensible heat of reactants and the
latent heat of vaporization of water, it is possible to estimate the weight
fraction of water that would prevent a propagating sodium acetate-
nitrate/nitrite reaction with the following equations (Fauske 1993):

Yo > ToR

(X - x,)AH, - C4T, - T))

N =
A+ Cu,dTs = Ty
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where:
X = Weight fraction of sodium acetate in a dry mixture,
for which w0 is to be calculated
X = Estimated weight fraction of fuel (sodium acetate) in
a dry sample to produce a propagating reaction
(x, = 0.172)*
AH, (J/kg) = Estimated heat of reaction per kg of sodium acetate
(-~ 3.7 M)
Cy (J kg " KMy = Specific heat of dry sample (~ 1000 J kg'' K'")
T, (K) = Onset temperature for propagating reaction (~ 573K)
T, (K) = Waste tank operating temperature (~ 323K)
A (J kg'h = Latent heat of vaporization of water (~ 2.25 MJ kg'')

Cyo (J kg™ K™ Specific heat of water (~ 4300 J kg~ K ™), and

Tg (K) = Boiling temperature of waste (~ 393K).

A11 parameters required to calculate xho, the weight fraction of water

required to prevent a propagating reaction, are specified except for x, the
weight fraction of sodium acetate in a dry mixture, for which “w,0 is to be

calculated. A bounding value for x is 0.38 (38 wt.% sodium acetate), that of
a stoichiometric mixture of sodium acetate and sodium nitrate (Fauske 1993).
Sodium acetate at 38 wt.% is equivalent to 11 wt.% TOC.

Using these values, the following results are obtained:

(.38-.172) (3.7x10%) - (1000) (573-323)
2.25x106+(4300) (393-323)

N =

N = .204

*17.2 wt.% sodium acetate, corresponding to 5 wt.% TOC (dry basis), from
Table 5-2. Although the 5 wt.% TOC test mixture did not support a propagating
reaction (refer to Section 5.2), this value is used in the calculations shown
here to estimate a conservative value for minimum required waste moisture
content.
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N .204
*mo > TN -« 1+,204

Xyo > +169

In summary, for an estimated heat of reaction (~ 3.7 MJ/kg sodium
acetate), and assuming a stoichiometric mixture of sodium acetate and sodium
nitrate, a waste moisture content =17 wt.% will prevent a propagating
reaction. This is the technical basis for this criterion.

The remaining criterion, maximum waste temperature =<90° C, is
established at this conservative level for two reasons:

o It is far below the Towest exothermic reaction initiation
temperature noted in organic waste surrogate energetics testing by
Fauske & Associates, Inc. (Fauske 1993) and by the U.S. Bureau of

Mines (USBM 1993), which is 171 °C.

o It is 10 °C below the lowest possible boiling point of aqueous
single-shell tank waste (100 °C) and 30 °C below the boiling point
expected for aqueous waste saturated with sodium nitrate. A maximum
waste temperature of 90 °C will help to limit water loss from
single-shell tank waste solids.

5.4 LEVEL 3 CRITERIA

Single-shell tank waste that fails to meet the Level 2 Criteria
(conditionally safe) will be classified as "unsafe" (by definition).
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6.0 TECHNICAL CONSERVATISM

The interim criteria presented in Section 4.0 are to be used to conduct a
preliminary screening of the 149 single-shell waste tanks at the Hanford Site
in order to identify candidates for the organic tanks Watch List. The purpose
herein is to identify tanks that require enhanced levels of monitoring and
controls to meet safe interim storage objectives. The criteria are not to be
used, in their present state of development, for resolution of the organic
tanks safety issue. Additional laboratory testing, waste characterization
data, and technical analyses are required to support safety issue resolution
in a satisfactory manner. Given this qualification regarding intended
application, the interim criteria are believed to be reasonably conservative
for the following reasons.

6.1 REPRESENTATIVE ORGANIC WASTE SURROGATE

In Appendix B, it is demonstrated that sodium acetate (NaC,H,0,) is a
representative organic waste surrogate for the organic chemicals inown to have
been added to the single-shell waste tanks in large quantities. The "weighted
average" chemical formula calculated in Appendix B is 'Na 5,CoHa 5405 08N 15 "
This is then rounded to the nearest integer to yield "Nac2ﬁ30 N e hydrogen
to carbon ratio from these two chemical formulas is shown inzTable 6-1.

Table 6-1. Carbon to Hydrogen Ratio.

Calculation Step Chemical Formula | Hydrogen to Carbon Ratio
"Weighted average" Na g,CoHy 5405 0aN . 1a 1.29
"Rounded to nearest integer" NaC,H,0, 1.50

Use of sodium acetate (hydrogen to carbon ration = 1.50) as a surrogate
for the waste originally present in the tanks (hydrogen to carbon
ratio = 1.29) is, in itself, a significant conservatism from an energetics
standpoint. The energetics of an organic nitrate/nitrite reaction are
expected to increase with hydrogen to carbon ratio (Babad et. al. 1993a).
Hydrocarbon-1ike chemicals (chemical formula [CH,],) present a limiting case
where the hydrogen to carbon ratio is approximately 2.0.

The conservatism noted above is enhanced by waste aging (degradation)
over the course of time as waste species originally present in the tanks are
converted to more highly oxidized (and therefore less energetic) waste forms
(Babad et. el. 1993b).

However, as discussed in Section 5.0, these conservatisms are offset (to

an unknown but probably small extent) by the possible presence of process
solvents and mononitro aliphatic carboxylic acid salts in the waste.
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6.2 WASTE TEMPERATURE

Section 5.2 discusses the technical basis for the 149 °C maximum waste
temperature specified in the Level 1 Criteria. This temperature criterion is
believed to be reasonably conservative for the following reasons.

e The 149 °C temperature criterion is 22 °C below the Towest
exothermic reaction initiation temperature noted in organic waste
surrogate energetics testing by Fauske & Associates, Inc.

(Fauske 1993) and the U.S. Bureau of Mines (USBM 1993).

e The 149 °C temperature criterion is compatible with operating
spacifications for single-shell waste storage tanks, Operating
specifications for single-shell tanks (Boyles 1992) require that
waste temperatures not exceed 300 °F, which is equivalent to 149 °C.

Section 5.3 discusses the technical basis for the 90 °C maximum waste
temperature specified in the Level 2 Criteria. This temperature criterion is
believed to be very conservative for the following reasons.

e The 90 °C temperature criterion is 81 °C below the lowest exothermic
reaction initiation temperature noted in organic waste surrogate
energetics testing, as discussed in the preceding paragraph.

o The 90 °C temperature criterion is 59 °C lower than the 149 °C
temperature criterion specified in the Level | Criteria.

o The 90 °C temperature criterion is 30 °C below the boiling point
expected for aqueous waste saturated with sodium nitrate. Table 6-3
indicates that sodium nitrate is the principal inorganic constituent
in Hanford Site tank waste, and waste solutions are generally found
to be saturated with sodium nitrate.

o The 90 °C temperature is 10 °C below the lowest possible boiling
point of aqueous single-shell tank waste (100 °C for water).

6.3 WASTE ORGANIC CONCENTRATION

Section 5.2 discusses the technical basis for the 5 wt.% TOC criterion.
The test mixture with 7 wt.% TOC* exhibited propagating behavior at about
300 °C. The test mixture with 5§ wt.% TOC* showed exothermic behavior close to
200 °C, but no transition to a propagating reaction (Fauske 1993).
Consequently, the safety objective stated in Appendix A (that no propagating
organic-nitrate/nitrite reaction be possible) fails at some TOC concentration
above 5 wt.% TOC and below 7 wt.% TOC. The value of 5.0 wt.% TOC was
conservatively selected as the basis for the criterion. A somewhat higher TOC
content might exhibit non-propagating behavior, but this has not been verified
experimentally. Nevertheless, 5 wt.% TOC probably represents some small (but
presently unquantified) degree of conservatism.

*Based on sodium acetate as the organic waste surrogate.
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6.4 WASTE MOISTURE CONTENT

The waste moisture content required to prevent a propagating sodium
acetate-nitrave/nitrite reaction is calculated in Section 5.3. The
calculation uses an estimated heat of reaction (3.7 MJ/kg sodium acetate) and
assumes a bounding value for sodium acetate concentration (38 wt.%), that of a
stoichiometric mixture of sodium acetate and sodium nitrate (Fauske 1993).

The assumption of a stoichiometric mixture is highly conservative for the
reasons outlined below.

A stoichiometric reaction of sodium acetate and sodium nitrate is
represented by the reaction:

NaC,H,0,+1.6NaNO, = 1.3Na,CO,+1.5H,0+0.7 CO,+0.8 N,

Table 6-2 calculates stoichiometric reactant quantities on a weight
basis.

Table 6-2. Stoichiometric Reactant Quantities.

Reactant Moles Molecular Weight Grams Wt. %
Sodium acetate 1.0 82.04 82 38
Sodium nitrate 1.6 85.01 136 62
Total 218 100

The waste moisture content required to prevent a propagating reaction
will decrease as reactant quantities deviate from the stoichiometric
proportions shown in Table 6-2. This is because, at other than stoichiometric
proportions, either excess fuel (sodium acetate) or excess oxidizer (sodium
nitrate) is present. The heat of reaction available is at a maximum for a
stoichiometric mixture, and decreases as the proportion of reactants varies to
either side of the 38:62 weight percent proportion.

Inorganic constituents in Hanford Site waste are summarized in Table 6-3.
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Table 6-3. Inorganic Constituents of Hanford Waste.'

Estimated Quantit}i
Constituent (Tons) Wt. %
NaNO, 150,000 77
NaNOz 7 19,000
3,900 23
Nk o’ 10,000
NaOH 15,000
Na,PO, 16,000
Cancr1n1te 2,700
AT(OH), 2,300
Fe(OH), 1,200
Total 220,100 100

‘From RHO 1980 as reported by Martin 1985.

%0n1y those compounds are 1isted whose quantity exceeds 1,000 tons.

nown silica additions are assumed to have reacted with a\uminates and
hydroxides to form cancrinite (assumed to be 2NaA1510,¢0.52 NaNOy+0.68 H,0).

If the inorganic composition of single-shell tank waste is represented
(on average) by the values in Table 6-3, a stoichiometric mixture of sodium
acetate and sodium nitrate (or sodium nitrate/nitrita) is highly unlikely.
The presence of 23 wt.% inert diluents would significantly reduce the heat of
reaction available, compared to the stoichiometric reaction discussed above.
The waste moisture content required to prevent a propagating reaction would
therefore ge reduced, as is evident from the calculations shown in
Section 5.3.

An additional waste moisture content conservatism is related in the water
of hydration associated with many organic compounds. The U.S. Bureau of Mines
makes the following observation in the section of their report entitled
"Sample Preparation:"

"Anhydrous salts of the tetrasodium EDTA and of the sodium citrate were
not commercially available. Instead, tetrasodium EDTA dihydrate and
sodium citrate dihydrate were used in the tests. The weights of the
fuels in the mixtures of the hydrous salts were modified to allow for the
presence of the water of hydration. In each of the mixtures containing
these fuels the water of hydration was reieased at a lower temperature
than the temperature at which decomposition began in the DSC tests."

The endotherms associated with loss of water of hydration (at low
temperature) partially offset the exotherm resulting from an
organic-nitrate/nitrite reaction (at high temperature) (Bechtold 1993). This,
in effect, contributes to suppressing a propagating reaction in a manner
similar to that of unbound water (waste moisture content). The water of
hydration bound to organic chemicals in the single-shell tanks represents a
degree of conservatism that is not quantified in Section 5.3.

6-4



WHC- EP-0681

The heat of reaction used in Section 5.3 to determine the moisture
content required to prevent a propagating sodium acetate-nitrate/nitrite
reaction was not affected by water of hydration. This heat of reaction
(3.7 MJ/kg sodium acetate) was estimated using reagent grade anhydrous sodium
acetate. Sodium acetate also exists as a trihydrate.

Appendix C is a preliminary attempt to place the single-shell tank waste
201St3¥‘ éssue into perspective., The following question is addressed in
ppendix C.

"What {s the equilibrium moisture content of single-shell tank waste,
under actively ventilated storage conditions, where the waste is
continuously exposed to ambient air representative of that at the
Hanford Site?"

The answer to this question provides a very conservative, bounding
condition for the single-shell tank waste moisture issue. The preliminary
results shown in Appendix C su&gest that the equilibrium moisture content is
about 22 wt. percent. It is of interest to observe that this equilibrium
moisture content is above the minimum moisture content of 17 wt. percent
specified in Section 4.0 for the "conditionally safe" waste classification,

The waste tank organic safety program plans to support additional work in
this area during FY 1994 and outyears.
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APPENDIX A

SAFETY 0BJECTIVE

The primary safety objective is to ensure that no chemical reaction of
the organic-nitrate/nitrite waste be possible that could

1. Produce radiation doses or toxic exposure either on-site or off-site
in excess of applicable limits, or

2. Damage the tank so as to compromise its ability to safely store
high-Tevel waste.

The primary objective will be met by imposing the more stringent
secondary safety objective that no propagating exothermic reaction be
possible, regardless of the severity of its consequences. A propagating
reaction is one that can spread beyond a local point of ignition.

The purpose of categorizing the organic-nitrate/nitrite waste hazard into
safety levels is to help define single-shell waste tank monitoring and
controls required to meet the safety objective stated above. The use of
. safety levels allows ranking of the tanks in terms of relative risk. At one

“extreme, where wastes are non-reactive, no monitoring or controls would be
required to meet the safety objective. At the other extreme, reactive wastes
(if any exist) would require mitigation and/or remediation in order to meet
the safety objective.

Two key safety questions are posed to identify three safety levels.
QUESTION 1
Is a propagating exothermic reaction possible during interim storage?

The phrase "possible during interim storage" in Question 1 refers to
conditions that could theoretically occur if no controls were placed on
tank operations. This no control stipulation allows for possible but
unlikely events such as waste dryout and the introduction of local
reaction initiators. The no control stipulation does not, however,
include operations that could be conducted during future efforts directed
at waste retrieval.

If the answer to Question 1 is no, then the waste can be safely stored
without human intervention. If the answer to Question 1 is yes, then a
second key question is posed as follows.

QUESTION 2

Is a propagating exothermic reaction possible under present conditions of
waste moisture content?

If the answer to this question is no, than the safety objective can be

met by imposing monitoring and controls that maintain moisture content
above a level that prevents a propagating exothermic reaction.
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If the answer to this question is yes, then the safety objective can be -
met only by imposing controls that prevent the introduction of reaction
initiators. The more stringent secondary safety objective cannot be met
if the answer to Question 2 is yes.

Answers to these two key safety questions lead to the definition of three
safety levels as follows.

SAFE

This safety level corresponds to a pno answer to Key Safety
Question 1: a propagating exothermic reaction is not possible
during interim storage. The safety objective can be met by a
hypothetical unattended operational mode. Monitoring and controls
are not required for safe storage.

In terms of reaction phenomenology, the requirement is that any
reaction be self-extinguishing, i.e., a reaction could not propagate
at a measurable rate as the result of a localized reaction
initiator. A second requirement is that radionuclide decay heat and
heat generated by chemical reactions within a single-shell tank be
passively dissipated without inducing a propagating exothermic
reaction. Both of these requirements must be satisfied for a
moisture level of zero.

CONDITIONALLY SAFE

This safety level corresponds to a yes answer to Key Safety Question
1 followed by a no answer to Key Safety Question 2. Single-shell
tank waste in this category is safe on the condition that moisture
level is maintained at or above a definable critical level.

In terms of reaction phenomenology, the requirements are the same as
for the SAFE category with the exception that moisture level above a
critical level applies. Therefore, a propagating exothermic
reaction can be ruled out for this safety level.

UNSAFE

This safety level corresponds to yes answers to both Key Safety
Questions. For single-shell tank waste in this category, a reaction
initiated at a local point could propagate through a significant
quantity of waste. Accidents would be prevented by imposing
controls that prevent the introduction of reaction initiators.

Waste in this category is subject to near-term mitigation and/or
remediation actions.

Storage of wastes in this category is inconsistent with the more
stringent secondary safety objective because a propagating
exothermic reaction cannot be ruled out. A change in waste storage
conditions, for example by adding water, would be required to assure
that waste storage met the level of safety required by the safety
objective.

App A-4



WHC-EP-0681

APPENDIX B

ORGANIC WASTE SURROGATE

App B-1




WHC-EP-0681

This page intentionally left blank.

App B-2



WHC-EP-0681

APPENDIX B

Table B-1 calculates a "weighted average" chemical formula for an organic
waste surrogate from information presented in Table 5-1.

As shown in the right hand column of the lower portion of the table, the

"weighted average" chemical formula is NaC,H,0,, corresponding to sodium

acetate.
Table B-1. Representative Organic Waste Surrogate.
No. Constituent Formula (Table 5-1) Gram Moles (Table 5-1)
1 Sodium hydroxy acetate NaC,H,0, 9.0 x 10°
2 Sodium citrate N#,C,H,07 3.3 x 10°
3 Sodium salt of HEDTA Na,C \oH,s0N, 2.7 x 10
4 Sodium salt of EDTA N8,C\oH, 0N, 0.57 x 10°
Constituent (Gram Moles x 10%) Rourd to
Element From No. 1| From No. 2| From No. 3 | From No. 4 | Total c":"w"t ""1"0% Multiply x 2 'l‘::::::
Na 1 %90+ 3x3.3+ 3x27+ 4&x.57T= 29.28 42 .84 1
c 2x90¢ 6x3.3+ 10x2.7+ 10x.57= 7050 1.00 2.00 2
H Ix90+ S x3.3+ 15x2.7+ 12x.57= 90.8 1.29 2.58 3
0 3Ix90¢+ 7x3.3+ 7x2,7¢+ Bx .57= 7356 1.06 2.08 2
N 0x90+ O0x3.3+¢ 2x2.7+ 2x .57= 6.54 .09 .18 0
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APPENDIX C

SCOPING EXPERIMENT TO DETERMINE MINIMUM MOISTURE
CONTENT IN HANFORD ORGANIC CONTAINING WASTE
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Fauske & Associstes, Ine,
BATE: Septeaber 7, 1993
I19: Dave Turner Vestinghouse Hanford Company
FROM: Hans K. Fauske Fauske & Associates, Ine.

A long term drying experiment is being performed at FAI to determine
the minimum moisture content of simulated Hanford organic containing wasce,
The scoping experiment started out vith a liquid solucion consisting of:

¥y YET ¥y DRY
NANO, . 16.4 gn 2.6 .4
NaC,Hy0, - 9.26 ga 13.9 10.7
NaOH - 4.4 gn 6.8 14.9
H,0 . 36.62 g 4.7 .

]

The above solution (initially no salids present) was contained in an open
250 ml Pyrex heaker and expcosed to ambiont alr with a relative humidicy of
about 30t (correosponding to the yearly uverage value at the Hanford sive).
Since the solutlon was prepared on July 28, 1993, 4 mass loss of 27.93 gn
has been measured as of September 7, 1993, After )4 days, steady-state
appears to have been reached with ne further veight loss {ndicazed.

In the firsc 25 days the mass loss vas 27.12 gm and during this period
the material changed from an all-liquid solution to a solid-liquid mixture
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(salt cake and flake formation and solid precipitacion) and avenctually te
all dry-looking crystalline solids,

The subsequent sample weight loss behaviar beyond 23 days Ls il
lustrated in Fig. 1 (ndicacing the approach to steady-state at about 34 days
of drying. The corresponding mass loss {s 27.9) gm and assuming all is due
to wator loss, ve estipate a moisture retention of 8.49 gm vhich (s equiv.
alenc te 22 Wy, It {s of interest to note that this value compares vell
with the driest 101-8Y daca.

Finally, wvwe nete that Lf the molsture content cannot fall below some
minimum value (such as 20 WN) due to inharent natural phenocnena, the wvaste
can also be considered inherencly safe independont of the fuel concentyation
(san Ref. [1l]). The minimum moisture content should therefors play a key
role in establishing che safecy criterla for the wasce tanks. As such, we
plan tu carry out a dedlcated RSST propagation test wusing the resulcting
residue from the current drying experiment., Based upon our current under-
standing (ses Raf. (1]), a dry mixture vich 9 W TOC should not exhibit
propagating behavior in the presence of & moisturs concent of 22 W,

Any commencs you may have relating to the above observations would be
greaatly appreciated.

Rafazence

1. Fauske, H. K., "Ad{abatic Calor{matry (RSST and VSP) Tests with Sodiunm
Acetate”, Memo to Dave Turner dated August 17, 1993,

HKF:lak

ce: R. J. Cash, WHC
D. Jeppson, WHC
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