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ABSTRACT

This report summarizes the available data, observations, and analyses performed relating to
flammable gas generation, retention, and release in the nineteen single-shell nuclear waste
storage tanks at the Hanford Site that are on the Flammable Gas Watch List (Public Law 101-510
1990). The tanks and the waste they contain are described in terms of their fill history,
chemistry, and waste physical properties and configuration. In-situ measurement and monitoring
systems are described and their data are summarized. The gas generation rates, retained gas
volumes, and the spontaneous and induced gas release history of each tank are discussed.
Saltwell pumping activities are also summarized, and the effects of pumping on gas generation,
retention, and release are described.
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SUMMARY

The objective of this report is to describe and document the waste configuration, gas generation,
gas retention, and gas release behavior in the single-shell waste tanks at the Hanford Site that are
on the Flammable Gas Waitch List (Public Law 101-510 1990). Nineteen single-shell nuclear
waste storage tanks are on the Flammable Gas Watch List: tanks 241-A-101, 241-AX-101,
241-AX-103, 241-5-102, 241-S-111, 241-8-112, 241-SX-101, 241-SX-102, 241-SX-103,
241-SX-104, 241-SX-105, 241-SX-106, 241-SX-109, 241-T-110, 241-U-103, 241-U-105,
241-U-107, 241-U-108, and 241-U-109. The properties and composition of the waste stored in
the single-shell tanks (SSTs) varies widely and tends to be non-uniform. Because of this and the
difficulty in obtaining data, the current knowledge of waste properties and behavior in the SSTs
has a certain degree of uncertainty. Nevertheless, the trends revealed by long-term monitoring of
waste temperatures, levels and/or moisture content, and the body of core sampling results,
including data from the Retained Gas Sampler, provide a reasonable basis for understanding the
behavior of these SSTs and assessing their potential flammable gas hazard.

The waste configuration in each of these tanks has been stable prior to saltwell pumping. Almost
every tank is cooling slowly. The waste levels are nearly constant, some rising very gradually
and some falling. The internal condition of the waste as revealed by neutron logs has not
changed over the past several years.

Saltwell pumping is completed or in progress in eleven of the nineteen tanks, and five more are
scheduled to be pumped by December 2002. Saltwell pumping has lowered the waste level and
interstitial liquid level and, in many but not all cases, has accelerated the waste-cooling trend. In
some tanks, pumping has caused the central region of the waste to subside to create a pronounced
concavity on the surface.

Most of these tanks stored a relatively large volume of gas prior to saltwell pumplng Thirteen
contain more than 100 m> (3,500 scf), and six of these have more than 300 m® (10,600 scf).
However, all of the plausible release mechanisms that have been studied can release only a very
small fraction of the total stored volume. All spontaneous gas releases observed since
monitoring was installed in 1995 have all been less than 3 m® (100 scf) of hydrogen and occur
over many hours to days. On the order, half of the retained gas is released during saltwell
pumping and the maximum hydrogen concentration observed during pumping was 7,200 ppm
(less than one-fourth of the lower flammability limit of 40,000 ppm).

Based on the preponderance of data, observations and analysis results available, the nineteen
single-shell tanks do not exhibit significant spontaneous gas release events. Saltwell pumping
has not induced significant releases, and the steady-state gas release rate is insignificant. The
concentration of flammable gases in the tank dome spaces from all causes remains well below
25 percent of the lower flammability limit.

i
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1.0 INTRODUCTION

- The primary purpose of this report is to document the gas generation, retention, and release
behavior in single-shell tanks on the Flammable Gas Watch List (Public Law 101-510 1990) at
the Hanford Site. This behavior is described in terms of tank history, waste chemistry, and data
from the retained gas sampler, headspace gas monitoring systems, and other tank data. This
information is presented in support of closure of the flammable gas safety issue and removal of
these tanks from the Watch List.

1.1 BACKGROUND

Radioactive waste is stored in 177 carbon steel tanks with capacities from 190 to 4,500 m>

(50 to 1,200 kgal). Of these, 149 are single-shell tanks (SSTs) built in the 1940s, 1950s, and
early 1960s, and 28 are newer double-shell tanks (DSTs} constructed in the 1960s, 1970s, and
1980s. The SSTs were removed from active use in 1980. Since then, most of their pumpable
liquid has been transferred to the DSTs leaving the SSTs generally containing much less waste
than their full capacity.

There are four main designs of SSTs as illustrated in Figure 1-1. Three designs are 75 ft in
diameter with capacities from 530,000 to 1,000,000 gallons. These are the 100-series tanks that
are numbered 241-§8-105, for example, where S is the tank farm and 105 is the tank number. The
241- prefix is often omitted. The A, AX, and SX Farms are of 1,000,000 gallon capacity, the
tanks in the BY, S, TX, and TY Farms have 758,000 gallon capacities, and the B, BX, C, T, and
U-Farm tanks hold up to 530,000 gallons. The A and AX tanks have flat bottoms while the rest
are designed with a dished bottom. The smaller 200-series tanks have a diameter of 20 ft and a
capacity of 55,000 gallons.

Unlike the DSTs, few of the SSTs are actively ventilated. The SX-Farm has an exhauster serving
thirteen of its fifteen tanks, and two tanks in the C-Farm have an exhauster (tanks C-105 and
C-106). Exhausters ventilate the tanks at nominally 100 cfm (tank C-106 is ventilated at around
2,000 cfm). The remaining tanks “breathe” passively by thermal convection, barometric pressure
changes, and surface wind. These mechanisms generally provide a ventilation rate of several cfm
to several tens of cfm.

All Hanford Site wastes generate flammable gases by radiolysis of water, decomposition of
organic compounds, and corrosion of the steel tank walls. The main fuel components of the
waste gas mixture are hydrogen and ammonia. The gas also contains nitrous oxide (an oxidizer),
nitrogen (inert component), and very small amounts of methane and other hydrocarbons.

1-1
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When the gas is released from the waste continuously as fast as it is generated, the rate of release
is very slow compared to the headspace ventilation rate and the rapid mixing promptly dilutes the
gas. Flammable gas generation by itself is not a hazard. In the DSTs, the highest hydrogen
generation rates are less than 32 standard cubic feet per day (the pre-remediation generation rate
in tank SY-101). The nominal ventilation rate of at least 100 standard cubic feet per minute
keeps the background headspace concentration of flammable gas well below the lower
flammability limit (LFL) in all the DSTs. The maximum hydrogen generation rate in the SSTs is
estimated to be 21 cubic feet per day (curtent rate in tank A-101 calculated by Hu [2000]).
Although most of the SSTs are passively ventilated, a ventilation rate of less than 1 ¢fm is
required to keep the hydrogen concentration below 25% of the LFL.

Soime wastes in both SSTs and DSTs, however, can and do retain relatively large volumes of the
gas mixture. In five of the DSTs, which have a relatively deep layer of supernatant liquid, a
significant fraction of the stored gas is periodically released rapidly into the tank headspace. This
type of release is termed a buoyant displacement gas release event (GRE). Tanks AN-103, AN-
104, AN-105, AW-101, and SY-103 currently exhibit buoyant displacement gas releases. Since
gas-monitoring instruments were installed in these tanks in 1994 and 1995, none of the gas
releases have exceeded the LFL, and only two have exceeded 25% of the LFL by a small amount
(Hedengren et al. 2000).

Prior to mixer pump installation, tank SY-101 exhibited buoyant displacement gas releases, an
order of magnitude larger than the other DSTs. A few of these were large enough to make the
tank headspace flammable. This behavior led to the creation of the Flammable Gas Watch List
(Public Law 101-510 1990) for tanks with the “serious potential to release radioactive waste to
the environment.” Six DSTs and nineteen SSTs were eventually placed on the Watch List. The
Flammable Gas Unreviewed Safety Question and Watch List are described in detail in

Section 1.1.1.

At least ten SSTs stored over 200 cubic meters (7,000 cubic feet) of gas prior to saltwell
pumping (see Table 6-5). However, none of the SSTs have a sufficiently deep layer of
supernatant to allow the large buoyant displacement gas releases observed in DSTs.! There is no
other mechanism for large, spontaneous releases from these tanks. Instead small, relatively slow
releases are observed occasionally from the SSTs, particularly during large drops in barometric
pressure (McCain 2000). Gas monitoring data show that none of these releases has approached
25% of the LFL.

Most of the SSTs containing a large stored gas volume are being saltwell pumped. Pumping
removes supernatant and interstitial liquid so that the interstitial liquid level falls well below the
waste surface, releasing on the order of a third to half of the stored gas in the process. The lower
interstitial liquid level also reduces the volume of the waste that can retain gas in the future. The
history and status of saltwell pumping is described in Section 1,1.3.

' Tanks A-101 and AX-101 both have a deep liquid layer, but the tanks are not subject to buoyant displacements
since the liquid is already beneath the buoyant solids.
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1.1.1 Flammable Gas Watch List and Unreviewed Safety Question

The flammable gas hazard in Hanford Site waste tanks was first recognized in the behavior of
tank SY-101. The waste level in this tank began periodically rising and suddenly dropping
shortly after it was filled in 1980. The large, sawtooth level drops were taken as an indication of
episodic gas releases that might pose a safety hazard. Some of them had sufficient volume to
exceed the LFL in the entire headspace and probably would have damaged the tank had the gas
ignited.

In 1990, the gas release behavior of tank SY-101 was recognized as a situation requiring special
attention and control. In April 1990, administrative controls were implemented to control
various tank activities that might increase the risk of a flammable gas burn. In May 1990, the
U.S. Department of Energy, Richland Operations Office, determined that hydrogen and nitrous
oxide buildup in certain waste tanks and the possibility of their ignition constituted an
Unreviewed Safety Question (USQ). The USQ was applied to tank SY-101 and 22 other tanks at
that time. The USQ eventually led to the development of a set of administrative flammable gas
controls, including controls for ignition sources, ventilation, and monitoring, and of the Facility
Group concept as a method to apply the most stringent controls to the most hazardous tanks as
discussed in the next section. After an intense period of study and negotiation, a mixer pump
was selected to mitigate the large gas releases from tank SY-101 and was installed July 3, 1993,
The mixer pump performed as expected, and no gas releases exceeding 25% of the LFL occurred
after it was installed.

The Flammable Gas Watch List was a result of Public Law 101-510, which Congress passed in
November 1990. Section 3137, also referred to as the Wyden Amendment, was part of this law.
This section required the Secretary of Energy to identify within 90 days a “watch list” of the
high-level nuclear waste tanks that may have a “serious potential for release of high-level waste
due to uncontrolled increases in temperature or pressure.” The same tanks defined by the USQ
were also used for the initial Flammable Gas Watch List.

The process by which the tanks were identified for the USQ and Watch List was described in
early 1991. An increase in the waste level, without waste additions, was called slurry growth.
The original evaluation focused on the slurry growth phenomena; five DSTs and 15 SSTs were
noted (by waste level data) as exhibiting slurry growth. Next, criteria were developed for both
DSTs and SSTs regarding the slurry growth. The criteria for DSTs were: (1) level increase
without liquid addition; (2) unexplained dome pressurization; and (3) unexplained temperature
changes. For the SSTs, the criteria were: (1) level increase without liquid addition; (2) presence
of a surface crust; (3) total organic carbon (TOC) content above 3 grams per liter; and

(4) presence of B-Plant waste whose chemistry was thought to contribute to gas retention and
release.

Use of these criteria resulted in the identification of two more tanks, bringing the total to 22.
Tank SX-109 was added only because the ventilation system design for the SX Tank Farm
results in the headspace for five listed tanks being vented through the headspace of tank SX-109.
Therefore, the original number of tanks (with respect to flammable gases) identified in response

1-4
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to Public Law 101-510, Section 3137, was 23. Finally, two other tanks were added to the
Flammable Gas Watch List in 1993; one because of an observed level fluctuation and the other
because of updated data that showed slurry growth. Therefore, 25 tanks were put on the Watch
List due to the Flammable Gas Safety Issue. The SSTs on the Watch List are listed in Table 1-1
along with other pertinent information (Hanlon 2000).

Table 1-1. Single-Shell Tank_s on the Flammable Gas Watch List

| Capacity - - | Waste Volume (kgal) | . (c
Tank (kgal) Waste Type™ Supernatant | Solids .Eumplng Stat@s )

A-101 1,000 DSSF - 8C 484 @ 383 | In progress
AX-101 1,000 |DSSF-SC 378 @ 298 | In progress
AX-103 1,000 CC-SC 0 112 | None planned
S-102 758 DSSF - SC/SL 0 492 | In progress
S-111 758 NCPLX - SC/SL . 48 453 | Not started
S-112 758 NCPLX - SC 0 523 | Not started
SX-101 1,000 DC - SC 0 448 Not started
SX-102 1,000 DSSF - SC 134 380 | Not started
SX-103 1,000 NCPLX - SC/SL 0 622 | In progress
SX-104 1,000 DSSF - SC/SL 0 446 | Completed
SX-105 1,000 DSSF - SC 0 513 | In progress
SX-106 1,000 NCPLX - SC 0 397 | Completed
SX-109 1,000 NCPLX - SC/SL 0 249 | None planned
T-110 530 NCPLX - SL 0 369 | Completed
U-103 530 NCPLX - SC 1 417 | Completed
U-105 530 NCPLX - SC 0 331 | In progress
U-107 530 DSSF - SC 33 375 | Not started
U-108 530 NCPLX - SC 24 444 | Not started
U-109 530 NCPLX - SC 0 403 | In progress
Notes:

{(a) Liquid is the bottom layer in tanks A-101 and AX-101.
(b) Waste types are as follows (Hanlon 2000):

CC Complexant concentrate

DSSF  Double-shell slurry feed

DC Dilute complexed

NCPLX Non-complexed

sC Primarily saltcake

SL Primarily sludge

SC/SL  Saltcake with more than about 10% sludge
{¢) See Table 1-2 for more detail on saliwell pumping.
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Formal criteria for selecting tanks for and removing tanks from the Flammable Gas Watch List
were approved by the U.S. Department of Energy (DOE) in 1997. The approved selection
criterion is:

“Any tank that can have a flammable gas volume in the dome space that, when ignited,
would result in pressure above a containment-related tank design limit will be
categorized as a Flammable Gas Watch List tank.”

The criterion for removal is:

“Any tank that no longer satisfies the selection criterion for the Flammable Gas Watch
List will be removed from the Watch List.”

The criterion for removing a tank from the Flammable Gas Watch List has been interpreted
{Johnson et al. 1997) to mean that: (1) a tank has acceptable risk from the perspective of the
Flammable Gas Watch List if it cannot spontaneously release enough flammable gas to the dome
space “which, if ignited would result in pressure above a containment-related tank design limit,”
and (2) this acceptable risk will be demonstrated by compliance with DOE orders in
implementing an approved authorization basis.

By early 1995, all 177 tanks had been screened for retained gas using the Barometric Pressure
Effect (BPE) method (Whitney 1995). The screening showed 58 tanks with detectable volumes
of gas, and flammable gas administrative controls were placed on the 37 tanks not already on the
Flammable Gas Watch List. In November 1995, flammability controls for ignition sources,
ventilation, and monitoring were placed on all 177 tanks.

The original USQ was updated and consolidated into one overall USQ in July 1996. This
expanded and replaced the original 1990 USQ. The USQ for tank SY-101 was closed in

June 1996 because of the proven effectiveness of the mixer pump. In 1998 the flammable gas
USQ was closed for SSTs and the rest of the DSTs on the basis of improved understanding of the
hazard and establishment of effective controls.

1.1.2 The Facility Group Concept

The flammable gas hazard control strategy is twofold. First, adequate passive or active
ventilation is required to manage risk associated with a steady background release of flammable
gas. Second, controls are required to prevent ignition sources in the tanks to manage risk
associated with the potential for sudden spontaneous gas releases.

The controls are graded based on perceived hazards and exempt less hazardous tanks from
unnecessarily restrictive or burdensome controls. The grading of controls is based on whether a
tank may be subject to large or small GREs. Large GREs may cause the headspace concentration
of flammable gas to exceed 25% of the LFL. Small releases may elevate the concentration of
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flammable gas beyond 25% of the LFL only in a localized area. Gas release events are further
divided into spontaneous and induced releases where the latter are the result of some waste
disturbing activity. The use of 25% of the LFL as the maximum allowed gas concentration is
intended to provide a significant margin of safety to the concentration where a deflagration is
actually possible (100% of the LFL).

To assign graded control sets, each tank has been placed into one of three Facility Groups
depending on which types of GREs are associated with the tank. Tanks that have demonstrated a
propensity for large spontaneous and induced GRE:s are in Facility Group 1. Tanks that may be
susceptible to large induced GRESs, but only small spontaneous GREs are in Facility Group 2.
All remaining large underground waste storage tanks are assigned to Facility Group 3, where it is
judged that spontaneous releases do not occur, but small induced releases may be possible in
some tanks.

The tank grouping is based, in part, on the methodology originally used for the hazard evaluation
in 1996. Although this methodology cannot provide precise quantitative results, it does indicate
which tanks have large volumes of retained gas. Despite the technical uncertainty, this
methodology, coupled with physical observations and sample results, provides a workable basis
for the tank grouping.

It should be clear from the foregoing discussion that the Facility Group designation serves an
entirely different function from the Flammable Gas Watch List. The latter is a congressionally
mandated list of potentially hazardous tanks whose temperature and pressure must be monitored
and are prevented from receiving waste. The Facility Groups determine how day-to-day tank
farm operations are conducted and controlled. Removing a tank from the Flammable Gas Watch
List will not change its Facility Group or control set unless, as in the case of tank SY-101, the
waste has also been treated to reduce its ability to retain and release gas.

1.1.3 History and Status of Saltwell Pumping

Of the 149 SSTs at the Hanford Site, 67 are known or suspected to have leaked liquid into the
surrounding soil (Hanlon 2000). To minimize the amount of material that could potentially leak
from the tanks, drainable liquids are being removed from all SSTs as an aspect of the tank
interim stabilization process. Five SSTs on the Flammable Gas Watch List have been stabilized;
pumping is in progress in eight; and six are yet to be pumped. Interim stabilization is of interest
here because removal of the drainable liquids changes the tank waste configuration, induces the
release of some of the trapped gas, and reduces the rates of flammable gas generation and
accumulation in the stabilized tank.

Drainable liquids are removed from the SSTs by a method commonly called saltwell pumping.
When pumping is complete, the tank is termed to be interim stabilized. In this method, a long
cylindrical metal screen (the saltwell screen) is installed as a well casing in the solid waste. In
most tanks, the saltwell screen is installed near the center of the tank, and extends virtually to the
bottom of the tank. A jet pump located inside and at the bottom of the saltwell screen pumps
liquid out as it drains into the saltwell screen. At the onset of pumping, any supernatant liquids
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(i.e., free liquid above the solids) drain quickly into the well, and the rate of liquid removal is
typically limited by pump capacity. As the liquid inventory is depleted, the pumping rate
eventually exceeds the rate that liquids drain into the saltwell screen and the liquid level within
the saltwell drops. The pumping rate is then reduced to approximately match the liquid drainage
rate to prevent the jet pump from running dry.

Recent pumping campaigns have been as short as three months (tank S-103, from which less than
24,000 gal of liquid were removed) and as long as about one year (tank SX-104, from which
about 117,000 gal of liquid were removed). The duration of saltwell pumping in any given tank
is a function of the amount of drainable liquid, the drainage rate (which depends on
permeability), and the actual times that the system is available for pumping (stoppages for
corrective and preventative maintenance are common).

The saltwell pumping status as of December 2000 is summarized in Table 1-2 (Watch List Tanks
AX-103 and SX-09 are not scheduled for pumping). Established and projected waste
configuration changes associated with the removal of drainable liquid are discussed in

Section 4.0. Hydrogen generation rates, which are expected to decrease in proportion to the
amount of liquid waste removed from each tank, have been estimated and are discussed in
Section 5.0. Gas releases induced by saltwell pumping have been detected by headspace
monitoring instrumentation on all Flammable Gas Watch List SSTs that have been pumped
recently. Retained gas inventory changes (estimated to have occurred in tanks that have been
stabilized and predicted to occur in tanks yet to be stabilized) are given in Section 6.0, and
saltwell pumping induced release behavior is described in Section 7.0.
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Table 1 2 Saltwell Pumpmg Status as of December 2000 _

ros | o TR
o] List ‘Sfal't? ® | Eng Status.,,-“' _

A-101 |FGWL | 5/6/00 Delayed () 587 18
AX-101 [FGWL | 7/30/00 Delayed © 444 9
BY-105 7/15/01 111
BY-106 7/15/01 119
C-103 ®) 83
$-101 11/30/02 80
§-102 |FGWL | 3/18/99 Delayed ©’ 99 68
S-103 6/4/99 1/4/00 | Stabilized 52 28
$-106 4/16/99 | 1/3/00 | Evaluation 76 109
$-107 11/30/02 61
S-109 9/23/00 In progress 83 29
S-111 | FGWL | 12/30/01 132
$-112% | FGWL | 11/30/02 70
SX-101 |FGWL | 11/20/00 In progress 99 No data
SX-102 |FGWL | 12/30/01 116
SX-103 | FGWL 10/26/00 In progress 132 39
SX-104 |FGWL | 17/23/98 | 7/25/99 | Stabilized 144 125
SX-105 | FGWL 8/8/00 In progress 141 132
SX-106 |FGWL | 10/7/98 | 12/21/99 | Stabilized 283 160
T-110 |[FGWL | 7/2/98 | 8/12/99 | Stabilized @ 41 34
U-102 1/20/00 In progress 75 70
U-103 |FGWL | 9/26/99 | 5/11/00 | Stabilized 99 108
U-105 {FGWL | 12/11/99 | 7/13/00 | Evaluation 80 91
U-106 8/24/00 In progress 56 39
U-107 | FGWL | 12/30/01 115
U-108 | EFGWL | 12/20/01 124
U-109 FGWL 3/11/00 In progress 99 72
U-111 11/30/02 71
Notes:

(a) Future dates in italics represent the planned schedule (Hanlon 2000)

(b) Pumping date will be set for tank C-103 in December 2000.

(c) Pumping in tanks A-101 and AX-101 delayed due to repeated pump motor failure. Tank S-102
pumping delayed due to repeated jet pump or recirculation line plugging.

(d) Tanks declared stabilized before minimum draining rate was achieved due to major equipment failure.

{e} Drainable liquid estimates from Fort (2000).

{f) Tank S-112 was initially saltwell pumped in 1978,

{g) Volume given for tanks in which pumping is in progress or recently completed.

FGWL. = Flammable Gas Watch List
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1.2 OUTLINE OF THE REPORT

This report presents the data and observations that describe and quantify the flammable gas
hazard in the single-shell Hanford Site high-level waste tanks on the Flammable Gas Watch List.
Section 2.0 describes the characterization events and monitoring instruments that provide useful
data on SST waste. Section 3.0 discusses the important aspects of waste chemistry, and the
waste configuration and physics properties are presented in Section 4.0. Gas generation and gas
composition are covered in Section 5.0, and gas retention is discussed in Section 6.0.
Observations of spontaneous and induced gas release behavior are described in Section 7.0, and
tank headspace mixing characteristics and passive ventilation rate measurements are summarized
in Section 8.0. Section 9.0 gives an overall summary and conclusions, and references are listed
in Section 10.0.

The discussion is focused on the SST's that are on the Flammable Gas Watch List. However,
other tanks are mentioned and included in tables and figures, as appropriate to the subjects being
treated. Two other tanks, S-103 and S-106, are specifically included in many cases as being
similar in configuration and behavior to many Watch List tanks. The background data on these
two tanks are given in Appendix A. :
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2.0 DESCRIPTION OF WASTE CHARACTERIZATION MEASUREMENTS

This section describes the kinds of measurements made, what information the data provide, and
the location of the measurements taken in each tank. Waste level is discussed in Section 2.1,
waste temperature in Section 2.2, and headspace gas monitoring in Section 2.3. Core sampling is
described in Section 2.4, Section 2.5 describes the Retained Gas Sampler (RGS), and

Section 2.6 discusses neutron and gamma logs and determining the interstitial liquid level (ILL).
Section 2.7 summarizes the location of important instruments and measurements in each of the
nineteen SSTs on the Flammable Gas Watch List.

2.1 WASTE LEVEL

The waste depth (elevation of the waste surface above the tank bottom) is a key indicator of tank
status and waste behavior. Tanks with a high waste level are potentially more hazardous because
gas is stored at a higher pressure and more waste is available to store gas. In the absence of
waste addition or removal, a gradual increase in waste level indicates gas accumulation while
decrease in waste level is usually associated with evaporation of water. Saltwell pumping
generally results in an abrupt and large drop in waste level. The total stored gas volume in a tank
can be computed from the correlation of waste level changes with barometric pressure
fluctuations, if certain conditions are met (see Section 6.0).

Waste surface level is typically measured with three different devices: the Food Instrument
Corporation (FIC) contact probe, a manual tape, and the ENRAF™’ buoyancy gauge. The FIC
and manual tape level readings have been available in each SST from before the early 1980s.
ENRAF™ level gauges have been installed only since about 1995. Level measurements may be
either manual or automatic. Data obtained prior to 1980 were recorded on a weekly basis. Daily
or once-per-shift readings have been available since the early 1980s. The various instruments
report different values and trends, mainly because of the irregularity of the crust surface but also
because of the peculiarities of the measurement methods.

If the waste surface is moist, the FIC plummet can gradually accumulate waste deposits up to
several inches long from repeated contacts. These deposits must be flushed occasionally with
water to restore the measurement’s accuracy. Repeated flushing can dissolve a cavity or crevice
in the waste that can also compromise the accuracy of the measurement. The manual tape is also
subject to waste deposits but is seldom flushed and, therefore, disturbs the waste less.

If the waste surface is dry, the FIC probe may not make electrical contact and, therefore, be
unable to measure the waste surface level. In most cases, this requires the FIC to be placed in
“intrusion mode” where the plummet is held stationary a few inches above the waste surface with
the intent of sensing any intrusion of water sufficient to raise the waste level to contact the

? ENRAF is a trademark of the ENRAF Corporation, Houston, Texas
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plummet. Data recorded in “intrusion mode” is not very useful and has been ignored in this
report.

The ENRAF™ buoyancy gauge does not depend on electrical contact and merely sits stationary
on the waste surface. Therefore, it is not subject to buildup of waste deposits, nor does it tend to
disturb the surface on which it rests. This makes the ENRAF™ potentially the most reliable level
indicator.

The absolute accuracy of any of the waste level instruments depends on the degree of surface
irregularity and the uncertainty in the reference position. Combined, these could produce a
systematic error of 2 to 20 cm (1 in. to 8 in.) depending on the tank. Sensing level change is far
more important than absolute accuracy. The ENRAF™ records level in 0.025-cm (0.01-in.)
increments and is easily able to resolve level changes to within = 0.25 cm (0.1 in.). The FIC
records level in 0.25-cm (0.1-in.) increments, and its sensitivity is estimated at + 0.6 cm

(0.25 in.) for nearly consecutive readings, but waste deposit growth and periodic flushing adds an
uncertainty of £ 5 cm (2 in.) in long-term values.

The manual tape is typically read in 0.64-cm (0.25-in.) increments; therefore, it senses changes
only to within + 2 cm (0.75 in.) at best. Whitney (1995) found that the response of manual tape
readings to barometric pressure changes was not a valid indicator of gas retention. Consequently,
the manual tape data are not used in this study.

2.2 WASTE TEMPERATURE

The waste temperature is another important parameter in assessing the state of the waste. The
gas generation rate increases strongly with temperature, and the temperature distribution reveals
regions where the heat load is highest. The amplitude and time delay of the annual temperature
cycle provides an indication of the relative heat capacity and liquid saturation between regions.
Changes in temperature trends help monitor the effects of saltwell pumping.

Thermocouple trees are available in each of the SSTs considered in this report. Most of these
SSTs have a single thermocouple tree. One exception is tank SX-109, which has multiple
thermocouple trees. The number of thermocouple probes along the various thermocouple trees
varies from 6 to 18. The thermocouple probes are spaced vertically with the first reading near the
tank bottom. Some of the thermocouple probes are in a tank’s vapor space. The uncertainty in
the temperatures that are obtained from their instruments is estimated to be +1.8 °C (3 °F)
(Brewster et al. 1995),

2.3 HEADSPACE GAS MONITORING

The concentrations of hydrogen and other flammable gases in the tank headspace are monitored
to ensure that the headspace is safe and to increase our understanding of the mechanisms for gas
release and dilution. Several different systems are used. Depending on the information desired
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from a tank, different monitoring instruments are combined into a tank-specific system. These
instruments are listed in Table 2-1 with their measurement accuracies and ranges. The following
sections describe how the instruments are applied in different monitoring systems.

Table 2-1. Gas Monitoring Instruments

Instrument Gases Monitored Range Accuracy
Whittaker  Electro- Hydrogen-Specific 0to 1% and Ote 10% H; | £0.2% by volume absolute
Chemical Cell and by Volume {resotution of 50 ppm)
Transmitter
Gas Chromatograph Hydrogen (H,) H, H,, N,O, CH,

Thermal Conductivity 3 to 3,000 ppm
Detector (GC-TCD) Nitrous Oxide (N,O) N,O =3 ppm <30 ppm and +10%
10 to 20,000 ppm of reading >30 ppm
Methane (CH,) CH,
10 to 4,000 ppm
Infra-Red Photo Acoustic Ammonia (NH;) NH, NH;,4
Multi-Gas Monitor (IR) 10 to 10,000 ppm +10 ppm <100 ppm and
£10% of reading >100 ppm
Grab Samples - Mass Hydrogen (H;) 0 to 100% by volume At least + 10 ppm
Spectrometer Nitrous Oxide (N;0O)
Methane (CH,)
Argon (Ar)
Nitrogen (N3)
Oxygen (0))

2.3.1 Standard Hydrogen Monitoring Systems

The basic standard hydrogen monitoring system (SHMS) monitors hydrogen continuously. Gas
is vacuum-pumped from the tank into a temperature-controlled cabinet that contains the
monitoring instrument. For DSTs, the sample is obtained from the tank ventilation exhaust duct;
for SSTs, the sample is obtained from a probe that is inserted well into the tank dome space.

The monitoring instrument is a Whittaker’ electrochemical cell that is hydrogen-specific. The
cell generates an electrical signal proportional to the volume percent hydrogen concentration.
This signal is processed by a transmitter and sent to a digital data readout and data recorder. The
recording channel of the data recorder is programmed to activate an alarm relay, if a preset
hydrogen concentration (currently 6,250 ppm) is reached. The alarm relay opens a normally
closed contact that serves as the input to a programmable logic controller that controls the
annunciation of a high hydrogen alarm and initiates an automatic vapor grab sample. Data are
recorded by connection to the Tank Monitoring and Control System (TMACS) and by an
on-board chart recorder. The SHMS also has a grab sample station that allows two 75-mL vapor
samples to be taken simultaneously from the gas stream, isolated, and transported to a laboratory
for analysis. Hydrogen and other gases can be measured in these samples.

* Whittaker is a trademark of Whittaker Corporation, Garden Grove, California
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These systems are calibrated quarterly. A mixture of 100-ppm hydrogen and air is used to adjust
the low end of the hydrogen sensor, and a mixture of 5% hydrogen mixed with nitrogen is used
to balance the high end of the sensor. A mid-range standard gas of 1,000-ppm hydrogen is used
as an on-line calibration check during system operation {Schneider 1996).

The first SHMS was developed for continuous monitoring of hydrogen concentrations in DST
SY-101. Three of the basic units are installed and operating on this tank; one monitors the vent
header concentration, and the other two monitor locations within the headspace. Because of the
success of these instruments, the system was upgraded by adding the capability to obtain a grab
sample automatically on a high hydrogen reading. Also, the Whittaker™ cells were configured so
that one covers a high range (0 to 10% by volume) and one a low range (0 to 1% by volume).
This modified version is called the SHMS-B.

The SHMS-B is the most widely used of the SHMS instruments. It was originally installed on all
SST Flammable Gas Watch List tanks except tanks A-101, SX-103, and U-105. Data are
recorded by connection to the TMACS and by the onboard chart recorder. As specific needs
arose, the SHMS-B was modified to provide the needed capabilities. This produced the current
E and E+ models.

The SHMS-E is an updated version of the SHMS-B and accommodates (although not installed) a
dual-column gas chromatograph with a thermal conductivity detector and an infrared (IR)
photo-acoustic multi-gas monitor. An onboard digital data logger records data with data retrieval
via floppy disk. The upgrade in design from the SHMS-B is in the data recording (the strip-chart
is eliminated) and the programmable logic controller. The SHMS-E is intended for use in the
same applications as an SHMS-B but has the advantage of easily being upgraded to an E+.

The SHMS-E+ is an SHMS-E with the gas chromatograph and IR monitor installed. The Gas
Chromatograph (GC) monitors hydrogen, nitrous oxide, and methane, and the IR monitor detects
ammonia. An onboard digital data logger records data with data retrieval via floppy disk or by
connection to a host computer via the Hanford Local Area Network (HLAN).

The specific components of each of the monitoring systems described above are summarized in
Table 2-2. A complete list of gas monitoring systems installed on the nineteen Flammable Gas
Watch List SSTs is given in Table 2-3.
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Table 2-2. Components of Gas Monitoring Systems

Systems . -Components

SHMS Whittaker™ cell for H», grab-sample station

SHMS-B High- and low-range Whittaker™ cells for H,, grab-
sample station

SHMS-E SHMS-B with improved data logging, space for two
dual-column GC-TCDs (not installed) and an IR
multi-gas monitor (not installed)

SHMS-E+ SHMS-E with GC-TCDs installed for H,, N,O, and

CH,, IR multi-gas monitor installed for NH;

Table 2-3. Gas Monitoring Systems Installed on Single-Shell

Flammable Gas Watch List Tanks

Tank Systems (date installed)
A-101 SHMS-E+ (11/97)
AX-101 SHMS-B (3/95)
AX-103 SHMS-B (3/95)
S-102 SHMS-B (3/95)
S-111 SHMS-B (3/95)
S-112 SHMS-B (3/95)
SX-101 SHMS-B (3/95)
SX-102 SHMS-B (3/95)
SX-103 SHMS-E+ (3/98)
SX-104 SHMS-B (3/95)
$X-105 SHMS-B (3/95)
SX-106 SHMS-B (3/95)
SX-109 SHMS-B (3/95)
T-110 SHMS-B (3/95)
U-103 SHMS-B (3/95)
U-105 SHMS-E+(5/98)
U-107 SHMS-B (3/95)
U-108 SHMS-B (3/95)
U-109 SHMS-B (3/95)
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2.4 WASTE CORE SAMPLING

Core sampling is the task of remotely obtaining samples of materials stored in River Protection
Project (RPP) Tank Farm waste storage tanks. Push mode and rotary mode are two core-
sampling methods used to obtain solid and/or supernatant liquid samples of this waste, possibly
including gas samples. Sludge, saltcake, liquid, and gas are the four general waste phases in the
various tanks. The samples arc obtained from the tanks using specially designed core-sampling
trucks and sampling devices. Prior to core sampling, the headspace of the tank is monitored for
flammability and organic vapors. A cylindrical cross-section of the tank contents is obtained by
pushing or rotating a 2.5 cm x 48 cm (1 in. x 19 in.) stainless steel sampler and bit (Figures 2-1
and 2-2) into the wasle through one of the tank riscrs.
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Figure 2-1. Core Sampler
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Figure 2-2, Push and Rotary Mode Bits
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Push-mode sampling is performed on tanks containing liquids or soft sludge. This is done by the
first generation core sampling truck referred to as the Push Mode Core Sample (PMCS) truck.
Rotary-mode sampling is primarily used to sample sludge or hard saltcake, although it may be
used to sample other waste types. Because of safety concerns, a second-generation truck, known
as the Rotary Mode Core Sample (RMCS) truck was designed. The RMCS truck supplies
nitrogen gas to limit drill bit temperature during drilling operations. The RMCS truck can also
perform push mode sampling when sample material is soft.

During a sampling event, the stainless steel sampler is lowered down through the drill string; it
locks into the core barrel; the drill string is then advanced (typically 19 in. [48 cm]). There is a

* ball valve at the bottom of the sampler, which is used to contain the collected sample in the tube
once the sample has been taken. There are three types of samplers: the O-ring, Chevron, and
Retained Gas Samplers. After the sample is taken, it is raised and placed in a cask.

Drill ram hydrostatic pressure is continuously monitored during the sampling operation to
measure waste resistance. Core samples are repeatedly taken until the bottom of the tank is
reached. The waste approximately 7.6 cm (3 in.) from the tank bottom of SSTs cannot be
sampled when using the rotary mode bit because of the design and safety constraints of the
sampling method (DeLorenzo et al. 1994). An example of the cross-section or core profile is
included as Figure 2-3.

The sampler has 2 2.85 to 2.87 cm (1.124 to 1.128 in.) inside diameter which gives a nominal
1.00-in.% cross section and makes the nominal capacity of the sampler for fluid samples

16.4 cm’® per inch. Before the sample can enter the sampler, it first must pass through a hole in
the sampler bit. The diameter of this hole is 1.0 in (2.54 cm). Therefore, when taking a sample
of rigid material, the diameter of the sample taken is restricted by the bit diameter, not the
sampler diameter. This corresponds to a nominal 12,9 ¢m? per inch. For a full sampler, the
volume of material which could theoretically be present in the current universal sampler is:

e 237cm’fora n'gid core sample (228 cm® for the top segment)

o 237t0309 cm’® for nonconvective layers depending on the VlSCOSlty of the material
(228 to 298 cm’ for the top segment)

e 309 cm? for liquids (298 cm” for the top segment) (Schofield 1996).

The most effective method available, at this time, for determining percent recovery with the
universal sampler is with the x-ray imaging system, which permits a direct readout of how full a
sampler is shortly after it has been removed from the tank, and before it is has been disturbed in
the laboratory (Schofield 1996).
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2.4.1 Core Extrusion Waste Strength Estimation

The observed behavior of waste cores during sample extrusion can be used to estimate the
sample waste strength, as detailed by Gauglitz and Aikin (1997). This approach is particularly
useful for SSTs, since ball theometry is typically impossible in the relatively strong waste found
in those tanks.

The extrusion waste strength estimation method is based on experiments that showed that during
the standard horizontal extrusion process waste simulants behaved in a reproducible manner that
varied distinctively with strength. Two different waste simulants were used: bentonite clay,
mixed with different amounts of water to obtain shear strengths of 31 to 3,670 Pa, and
kaolin/Ludox* mixed with different amounts of salt and setup times to obtain shear strengths of
625 to 6,500 Pa.

The kaolin/Ludox simulant showed brittle failure with little deformation during extrusion, as can
be seen in Figures 4-13 through 4-18 of Gauglitz and Aikin (1997), with the shear strength being
related to the length of waste that was rigidly extruded from the sampler before breaking off and
falling into the tray. The bentonite simulant failed in the plastic deformation regime, as can be
seen in Figures 4-1 through 4-11 of Gauglitz and Aikin (1997). The shear strength of the
bentonite was related to the length of the segment before breaking off or, for stronger samples, to
the angle at which the simulant dropped from the sampler.

The strengths of waste samples from three DSTs and one SST were estimated by comparing the
waste behavior during extrusion, which had been videotaped, to the behavior of the simulants of
known strength. The comparison simulant, bentonite or kaolin/Ludox, was chosen according to
the lesser or greater rigidity of the waste sample. The results showed that the extrusion method
gave estimates that were within a factor of two of those obtained by ball rheometry in the DSTs
at the same elevation as the core samples. This is considered reasonably good agreement. Shear
vane measurements gave shear strengths a factor of 10 or greater than those measured by core
extrusion and ball rheometry. This discrepancy is expected, particularly in materials with a
considerable solid structure, because the shear vane measures a somewhat different material
property than the other two techniques.

The waste strength can be estimated only within a range of roughly +50% using the extrusion
method, but even this imprecise information is valuable for those tanks whose waste cannot be
subjected to more precise rheometry.

* Ludox HS-30 is a trade name for a colloidal silica dispersion
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2.5 RETAINED GAS SAMPLER (RGS)

The RGS system, which obtains waste samples for the measurements of in-situ composition of
gases retained in the waste, uses a version of the core sampler (see Figures 2-1 and 2-2) that was
designed specifically for sampling waste that contains gas. Other than the modified sampler and
sample extraction, the RGS sample is obtained in the same operation as a normal push-mode
core sample. Details of the core sampler, modifications made, and operational constraints of the
RGS are given in Webb (1994). The complete details of the sample extraction process for the
nine SSTs sampled with the RGS (tanks A-101, AX-101, BY-109, S-102, S-106, S-111, SX-106,
U-103, and U-109) are described in Shekarriz et al. (1997), Mahoney et al. (1997), and Mahoney
et al. (1999). Final results for the SSTs and for several DSTs are given in Mahoney (2000). This
section gives a brief description of the RGS system and operation.

To obtain a sample, an RGS is installed in the push-mode core drill string and lowered into the
correct vertical position in the tank. The sample is taken by pushing the sampler down into the
waste while the sampler piston is held in position. When the piston contacts the top end of the
sampler, a spring is triggered that closes the sampler ball valve, hermetically sealing the waste
sample solids, liquids, and gases in a chamber approximately 2.8 cm (1.125 in.) in diameter and
48 cm (19 in.) long.

After the valve is closed and the waste sealed in the sampler, the sampler is removed from the
tank and transferred to the x-ray cart for imaging. The x-ray images confirm whether a full
sample has been recovered and provides information about the gas structure (bubble shape, etc.)
and density of the waste. It also allows a semi-quantitative estimate of the amount of gas present.
After the x-ray, the sample is placed in a transport cask and delivered to the 222-S hot cell
laboratory for extrusion and gas extraction.

To extract the waste, the sampler is connected to a previously evacuated extraction chamber in
the hot cell. The sampler ball valve is opened, and a hydraulic ram pushes the sampler piston all
the way forward to drive the sampler contents into the extractor. The waste is then stirred at
ambient hot cel]l temperature to free most of the retained gas bubbles, after which the gas that has
been released into the extractor is transferred to collector canisters using a mercury displacement
pump. During this process, the sampler and canister pressures and temperatures are monitored
and recorded for data reduction and analysis. The gases collected in the canisters are analyzed
with a mass spectrometer. Isotopic standards of ’NH; vapor or *NH,OH solution may be added
to assist in measuring the sample ammonia concentration.

The data analysis procedure uses the temperature, pressure, and volumes measured during
extraction, as well as, the mass spectrometry results to compute the mole fraction and total
volume of each gas constituent, the fraction of each component that exists in the gas and is
dissolved in the liquid, and the total gas volume fraction at the local hydrostatic pressure from
which the sample was taken. The x-ray images are analyzed to provide, in addition to qualitative
observations of the phase distribution in the sample, an estimate of the density and gas volume.
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Shekarriz (1994) performed a series of flow visualization tests to examine the effectiveness of
the RGS drill bit in capturing bubbles in the nonconvective waste during sampling. A
transparent simulant with rheological properties similar to DST waste was used. These tests
showed that bubble capture error was minimal and that a 60-degree bit was optimal in
minimizing the waste disturbance during sampling.

Comprehensive studies were also performed to quantify the uncertainty in measuring retained
gases using the RGS (Cannon and Knight 1995; Cannon 1996). It was found that, while the
insoluble gas components could be measured with high accuracy, the ammonia measurements
were less accurate because unknown amounts of ammonia were retained in the sample and
because ammonia was absorbed within the system. It was also established that the gas fraction in
each sampler could be determined quite accurately, but the limited number of samples per tank
(seldom more than six) create a very high uncertainty in estimates of total gas inventory in the
tank.

2.6 NEUTRON AND GAMMA LOGGING

Whenever a tank has had most of the drainable liquids removed, typically by saltwell pumping of
an SST, the liquid interface is left below a solid surface. This surface may consist either of
drained saltcake or drained sludge, depending on the tank chemistry. This liquid level cannot be
monitored by any of the conventional surface level devices previously discussed. The ILL is
monitored by installing a liquid observation well (LOW). An LOW consists of a hollow tube,
capped on the bottom, inserted into a riser from the surface to the bottom of the tank. It is
typically jetted into place with high-pressure water. This leaves the interior of the LOW isolated
from the tank contents, but open to the surface, creating an uncontaminated environment from
which to monitor the tank contents using neutron and gamma probes. The detection processes
are described below.

The LOW Surveillance Van can then drive up to the riser and lower a probe into the LOW
opening. A computer program in the Surveillance Van lowers the probe to a pre-determined
depth, typically about an inch above bottom, and retrieves the probe at variable speeds. The
retrieval and data collection are controlled by a custom software script which is created
specifically for the tank being evaluated. The probe can be slowed down to minimum speed
across the zone of interest (typically the ILL), and the frequency of data collection increased. In
lesser zones of interest (i.e., the vapor space above the waste), the speed can be increased and the
data collection frequency decreased to reduce scanning time and file size.

A very basic and inaccurate system for obtaining this form of data was used from 1980 to 1997.
The original system had many drawbacks, the most serious being a very inaccurate depth control
system. The depth of major waste features, including the ILL, could only be determined within
about 3 in. (7.6 cm) on a consistent basis. The primary reasons for this depth discrepancy were a
lack of stabilization on the deployment boom, poor resolution of the depth encoder (20 pulses per
inch, or about 0.60 in. (1.5 cm) between pulses), and a wide source-detector spacing on the
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neutron probe, leading to poor vertical resolution. The survey speed was also constant, and could
not be optimized for various zones of interest. The Surveillance Analysis Computer System
(SACS) database contains scans obtained since 1980, and the data are available through either
the PC-SACS or Tank Waste Information Network System (TWINS) (CHG 2000) computer
interface.

In 1997 a new LOW Surveillance System was designed and implemented, which allowed much
more accurate measurements. The deployment boom was stabilized with a support leg,
eliminating vertical movement. The depth encoder generated 140 pulses per inch (about

[0.018 cm] (0.007 in.) per pulse). The source-detector spacing was minimized to help clearly
define liquid interfaces. Finally, the scan speed and data collection intervals were programmable
on a tank-by-tank basis. The liquid interface data available from the new system are advertised
as being accurate within 0.635 cm in 30.5 m (0.25 in. in 100 ft), but in most cases it exceeds
0.25-cm (0.10-in.) resolution. The absolute accuracy and repeatability is variable on a
tank-by-tank basis due to data analysis algorithms and the shape of the probe response profile.

The new neutron probe consists of a chemical source (1.5 Curies of americium-beryllium,
AmBe) threaded into the bottom of the probe which is immediately adjacent to the thermal
neutron detector. The detector consists of a BF; gas tube, which only responds to neutrons which
are moving slow enough to be captured. The AmBe source emits fast, high-energy neutrons at
about 4.5 MEV, which are invisible to the BF;. The fast neutrons are then moderated by the
hydrogen of the surrounding moisture until they lose energy and become “thermal” neutrons. At
that point, they are captured and detected by the BFs. The detector response is a good indicator
of the moisture content at the elevation surrounding the LOW. In general, the higher the count
rate, the higher the moisture content, although the response is not linear.

Areas of apparent low moisture content can be due to drained waste, reduced waste porosity,
increased gas concentration, void space around the LOW above the ILL, and the presence of
saltcake/sludge layers. The neutron profile can be very useful in identifying the tank waste
layering characteristics, in addition to tracking the movement of the ILL.

The gamma probe is simply a low efficiency Geiger-Mueller tube with no artificial gamma
source. It simply detects naturally occurring gamma radiation penetrating the LOW from the
waste. Because the survey environment can exhibit very high gamma fields, the tube sensitivity
is very low to avoid saturating the detector. The primary waste emitters are cesium-137 and
cobalt-60, although secondary gamma from strontium-90 is also picked up. The gamma probe
detects “total” gamma, and makes no attempt to identify the source isotope. Spectral gamma
tools are available which can identify the parent isotope from their energy spectra, but they are
not in common use. The basic assumption in analyzing a gamma profile from a LOW is that
cesium is usually the primary emitter, and that it is fairly soluble in water. This means that there
should be a sudden change in total gamma concentration at the ILL interface, when the waste
goes from liquid saturated to drained. As with the neutron probe, waste layers can often be
delineated with the gamma probe. In general, the gamma probe is not run nearly as often as the
neutron probe, primarily because the gamma probe is less sensitive to small differences in liquid
content.

2-12
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2.7 SUMMARY OF MEASUREMENT HISTORY IN EACH TANK

This section summarizes thermocouple tree placement, level measurement locations, and
risers through which in-situ measurement devices such as the RGS were deployed.
Deployment dates are also given. All headspace tanks discussed have a 75-ft inside diameter.
Gas monitoring systems are not included because they are discussed in detail in Section 2.3.
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2.7.1 Tank 241-A-101 Monitoring and Sampling

The placement of major in-tank instrumentation is shown in Figure 2-4. The waste surface level
in Riser 6 is currently measured by an ENRAF™ buoyancy gauge. The ENRAF™ gauge replaced
an FIC contact probe in the same riser in April 1995. Vertical temperature measurements are
taken from a thermocouple tree mounted in Riser 12, with readings monitored and recorded
through the TMACS system. Riser 19 accommodates an LOW.

In April 1996, grab samples were taken from Riser 4, which now contains a saltwell screen.

Both core samples and RGS measurements were obtained from two risers in August 1996:
Risers 15 and 24.

A-101

4 -/Saltwe

¥\

24} RGS (§/96) k

VN

\12' T/C TREE

Figure 2-4. Tank 241-A-101 Sample and Monitoring Risers
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2.7.2 Tank 241-AX-101 Monitoring and Sampling

The placement of major in-tank instrumentation is shown in Figure 2-5. The waste surface level
is currently measured by an ENRAF™ buoyancy gauge in Riser 9C. The ENRAF™ gauge
replaced a FIC gauge that was used in Riser 8C, in September 1995. Vertical temperature
measurements are taken from a thermocouple tree mounted in Riser 9B, with readings monitored
and recorded through the TMACS system. Riser 9A accommodates an LOW.

In July 1997, grab samples were taken from Riser 5B, which now contains a saltwell screen.

Both core samples were obtained from two risers in February 1998: Risers 9D and 9G. The
RGS measurements were obtained from Riser 9D.

AX-101

C-ENHAF o 0 9B - T/C Tree
Q
9G - Core (2108) 9 58 -/éaltwell/ /
\ \ ENRAF T

N

Figure 2-5, Tank 241-AX-101 Sample and Monitoring Risers
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2.7.3 Tank 241-AX-103 Monitoring and Sampling

'The placement of major in-tank instrumentation is shown in Figure 2-6. The waste surface level
in Riser 9C is currently measured by an ENRAF™ buoyancy gauge, which replaced the FIC
gauge in September 1995. Vertical temperature measurements are taken from a thermocouple
tree mounted in Riser 9B, with readings monitored and recorded through the TMACS system.
Riser 5A contains a saltwell screen.

Core samples were obtained from two risers in August 1997: Risers 9A and 9F, but the samples
were incomplete and inconclusive.

AX-103

oC -IENRA o °
o 5A -ASaltwell

9F - Attempbted Core 9/97,

Figure 2-6. Tank 241-AX-103 Sample and Monitoring Risers



RPP-7249 Rev.0

2.7.4 Tank 241-S-102 Monitoring and Sampling

The placement of major in-tank instrumentation is shown in Figure 2-7. The waste surface level
is currently measured by an ENRAF™ buoyancy gauge in Riser 2. The ENRAF™ gauge has been
used since May 1995, replacing the FIC and manual tape measurements. Vertical temperature
measurements are taken from a thermocouple tree mounted in Riser 3, with readings monitored
and recorded through the TMACS system. Riser 5 accommodates an LOW.

In June 1995 and October 1998, grab samples were taken from Riser 13, which now contains a
saltwell screen and pump. Core samples were obtained from three risers: Riser 11 in

January 1996, Riser 14 in March 1996, and Riser 16 in April 1998, when RGS measurements
were also made.

S-102

——

] ~
"‘I 14 - Core (3/96) ©

AN

2 - ENRAF
16 - RG5{4/98)
o

Figure 2-7. Tank 241-S-102 Sample and Monitoring Risers
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2.7.5 Tank 241-S-111 Monitoring and Sampling

The placement of major in-tank instrumentation is shown in Figure 2-8. The waste surface level
is currently measured by an ENRAF™ buoyancy gauge in Riser 3. The ENRAF™ gauge replaced
a FIC contact probe in December 1995, Vertical temperature measurements are taken from a
thermocouple tree mounted in Riser 4, with readings monitored and recorded through the
TMACS system. Riser 16 accommodates an LOW.

In August 1999, grab samples were taken from Riser 13, which now contains a slurry distributor.

Core samples and RGS measurements were obtained from three risers: Riser 8 in May 1996,
Riser 14 in June 1996, and Riser 6 in April 1998, when RGS measurements were also made.

S-111

/—L\

14 - Cdre (6/96)

4 -T/C Tree

D 8- Core (5(98)

+)

6 - RGS (4/98)
\ 16 - LOW,

Figure 2-8. Tank 241-S-111 Sample and Monitoring Risers
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2.7.6 Tank 241-S-112 Monitoring and Sampling

The placement of major in-tank instrumentation is shown in Figure 2-9. The waste surface level
in Riser 3 is currently measured by an ENRAF™ buoyancy gauge installed in May 1995.
Vertical temperature measurements are taken from a thermocouple tree mounted in Riser 4, with
readings monitored and recorded through the TMACS system. Riser 8 accommodates an LOW,
and Riser 5 houses a saltwell screen and pump. No core sampling has been performed in tank
S-112.

S-112

——

el ~

/ ,-L;l -T/C Tree

D g - Low

F o\
L4

5 - Saltwell

Figure 2-9. Tank 241-S-112 Sample and Monitoring Risers
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2.7.7 Tank 241-SX-101 Monitoring and Sampling

The placement of major in-tank instrumentation is shown in Figure 2-10. The waste surface
level in Riser 4 is currently measured by an ENRAF™ buoyancy gauge, which replaced an FIC
contact probe in May 1995. Vertical temperature measurements are taken from a thermocouple
tree mounted in Riser 15, with readings monitored and recorded through the TMACS system.
Riser 14 accommodates an LOW, and Riser 9 contains a saltwell pump.

Core samples were obtained from two risers in February 1998: Risers 4 and 19.

SX-101

P Y sLOW

4- EIgFIAF
Core (2/98

9 -/Saltwell y ’\
18 ; Core (2/98) \/ / /

AN

\ 15- T/C Tre
o]

Figure 2-10. Tank 241-SX-101 Sample and Monitoring Risers
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2.7.8 Tank 241-SX-102 Monitoring and Sampling

The placement of major in-tank instrumentation is shown in Figure 2-11. The waste surface
level in Riser 4 is currently measured by an ENRAF™ buoyancy gauge installed in April 1995.
Vertical temperature measurements are taken from a thermocouple tree mounted in Riser 16,
with readings monitored and recorded through the TMACS system. Riser 14 accommodates an
LOW, and Riser 9 contains a saltwell screen and P-10 pump.

Core samples were obtained in July 1998 from two risers: Risers 4 and 8.

S$X-102

VN ~

\ 16 - T/C Tree

Figure 2-11, Tank 241-SX-102 Sample and Monitoring Risers
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2.7.9 Tank 241-SX-103 Monitoring and Sampling

The placement of major in-tank instrumentation is shown in Figure 2-12. The waste surface
level in Riser 3 is currently measured by an ENRAF™ buoyancy gauge, which replaced an FIC
contact probe in April 1995. Vertical temperature measurements are taken from a thermocouple
tree mounted in Riser 2, with readings monitored and recorded through the TMACS system.
Riser 14 accommodates an LOW.

In June 1997, grab samples were taken from Riser 9, which now contains a saltwell screen and
pump. Core samples were obtained from two risers: Riser 11 in April 1998 and Riser 7 in
May 1998.

SX-103

L
14-LOW™®

Saltwe

2 TiIC Tree

Figure 2-12. Tank 241-SX-103 Sample and Monitoring Risers
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2.7.10 Tank 241-SX-104 Monitoring and Sampling

The placement of major in-tank instrumentation is shown in Figure 2-13. The waste surface
level is currently measured by an ENRAF™ buoyancy gauge in Riser 4 installed in May 1995.
Vertical temperature measurements are taken from a thermocouple tree mounted in Riser 2, with
readings monitored and recorded through the TMACS system. Riser 16 accommodates an LOW,

In April 1997 and June 1998, grab samples were taken from Riser 13, which now contains a
saltwell distributor jet. No core sampling has been performed in tank SX-104.

SX-104

K"’
_—

AN 2-T/C Tree
-

Figure 2-13. Tank 241-SX-104 Sample and Monitoring Risers
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2.7.11 Tank 241-SX-105 Monitoring and Sampling

The placement of major in-tank instrumentation is shown in Figure 2-14. The waste surface
level is currently measured by an ENRAF™ buoyancy gauge in Riser 4 installed in May 1995.
Vertical temperature measurements are taken from a thermocouple tree mounted in Riser 2, with
readings monitored and recorded through the TMACS system. Riser 16 accommodates an LOW,

and Riser 5 contains a saltwell screen and pump.

Core samples were obtained from Risers 6 and 14 in May 1998.

SX-105

e

]

v 14 Core (9/98)
4 ’K‘RAF\

T 5- Saltwell

re (9¢68)

2 T/C Tree ©
\ 16 - LOW

Figure 2-14. Tank 241-SX-105 Sample and Monitoring Risers
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2.7.12 Tank 241-SX-106 Monitoring and Sampling

The placement of major in-tank instrumentation is shown in Figure 2-15. The waste surface
level is currently measured by an ENRAF™ buoyancy gauge in Riser 3, replacing the FIC and
manual tape measurements in August 1994. Vertical temperature measurements are taken from a
thermocouple tree mounted in Riser 16, with readings monitored and recorded through the
TMACS system. Riser 14 accommodates an LOW, and Riser 5 contains a saltwell screen and

pump.

In August 1998, grab samples were taken from Riser 6, and core samples and RGS
measurements were obtained from Risers 3 and 6 in December 1997.

SX-106

" 5 - Saltwell

7

(12/97)

16 - T/C Tree

Figure 2-15. Tank 241-SX-106 Sample and Monitoring Risers
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2.7.13 Tank 241-SX-109 Monitoring and Sampling

The placement of major in-tank instrumentation is shown in Figure 2-16. The waste surface
level is currently measured by an ENRAF™ buoyancy gauge in Riser 2 installed in September
1998. Vertical temperature measurements are taken from a thermocouple tree mounted in

Riser 19, with readings monitored and recorded through the TMACS system. No core sampling
has been performed in tank SX-109.

SX-109

Figure 2-16. Tank 241-SX-109 Sample and Monitoring Risers
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2.7.14 Tank 241-T-110 Monitoring and Sampling

The placement of major in-tank instrumentation is shown in Figure 2-17. The waste surface
level is currently measured by an ENRAF™ buoyancy gauge in Riser 1 installed in May 1995.
Vertical temperature measurements are taken from a thermocouple tree mounted in Riser 8, with
readings monitored and recorded through the TMACS system. Riser 5 accommodates an LOW.

In January 1997, grab samples were taken from Riser 13, which now contains a saltwell pump.
Core samples were obtained from Risers 2 and 6 in February 1996.

T-110

13- jalt Well
/
5 -\_‘(’JW \ -~

6 - Core \_}/
(2/96)
S8 T/C Tree

—

Figure 2-17. Tank 241-T-110 Sample and Monitoring Risers
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2.7.15 Tank 241-U-103 Monitoring and Sampling

The placement of major in-tank instrumentation is shown in Figure 2-18. The waste surface
level is currently measured by an ENRAF™ buoyancy gauge in Riser 8. The ENRAF™ gauge
replaced an FIC contact probe in the same riser in July 1994. Vertical temperature measurements
are taken from a thermocouple tree mounted in Riser 1, with readings monitored and recorded
through the TMACS system. Riser 19 accommodates an LOW.

In 1999 grab samples were taken from Riser 13, which now contains a saltwell distribution pit.

Core samples were obtained from Risers 2, 7, and 13 in April 1997. Retained gas sampler
measurements were taken in Riser 7.

U-103

” 13 - Saltwell, Core (4/97

/
N /

)
8 - ENRAF

)

e

Figure 2-18. Tank 241-U-103 Sample and Monitoring Risers
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2.7.16 Tank 241-U-105 Monitoring and Sampling

The placement of major in-tank instrumentation is shown in Figure 2-19. The waste surface
level is currently measured by an ENRAF™ buoyancy gauge in Riser 8 installed in July 1994.
Vertical temperature measurements are taken from a thermocouple tree mounted in Riser 1, with

readings monitored and recorded through the TMACS system. Riser 19 accommodates an LOW.

In July 1999, grab samples were taken from Riser 13, which now contains a saltwell distributor
pit. Core samples were obtained from Risers 2, 7, and 20 in February 1996.

U-105

1-T/C Tree

/ = o)
/4 (2/96)

13 - Saltwell

7
\ 20 -°Core (2/96)
(2/96)
°

8 - ENRAF

\

Figure 2-19. Tank 241-U-105 Sample and Monitoring Risers
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2.7.17 Tank 241-U-107 Monitoring and Sampling

The placement of major in-tank instrumentation is shown in Figure 2-20, The waste surface
level is currently measured by an ENRAF™ buoyancy gauge in Riser 8 installed in August 1994.
Vertical temperature measurements are taken from a thermocouple tree mounted in Riser 1, with
readings monitored and recorded through the TMACS system. Riser 19 accommodates an LOW,
and Riser 13 contains a distributor jet for saltwell pumping.

Core samples were obtained in March 1996 from Risers 2 and 7, in April 1996 from Risers 7
and 9, and in July 1998 from Risers 2 and 7.
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Figure 2-20. Tank 241-U-107 Sample and Monitoring Risers
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2.7.18 Tank 241-U-108 Monitoring and Sampling

The placement of major in-tank instrumentation is shown in Figure 2-21. The waste surface
level is currently measured in Riser 8 by an ENRAF™ buoyancy gauge, which replaced an FIC
contact probe in May 1995. Vertical temperature measurements are taken from a thermocouple
tree mounted in Riser 1, with readings monitored and recorded through the TMACS system.
Riser 19 accommodates an LOW, and Riser 13 contains a distributor jet for saltwell pumping

Grab samples were taken from Riser 7 in May 1996. Core samples were obtained from Risers 2
and 9 in February 1996 and then from Risers 7 and 9 in April 1996.

U-108
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Figure 2-21. Tank 241-U-108 Sample and Monitoring Risers
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2.7.19 Tank 241-U-109 Monitoring and Sampling

The placement of major in-tank instrumentation is shown in Figure 2-22. The waste surface
level in Riser 8 is currently measured by an ENRAF™ buoyancy gauge installed in July 1994,
Vertical temperature measurements are taken from a thermocouple tree mounted in Riser 1, with
readings monitored and recorded through the TMACS system. Riser 9 accommodates an LOW.

In June 1995, grab samples were taken from Riser 12, which now contains a saltwell. Core
samples were taken in December 1995 from Riser 2, in January 1996 from Risers 7 and 19, and
from Riser 8 in April 1998. Retained gas sampler measurements were taken in Riser 8.

U-109

7-Core(1/96) 13. galtwell

o
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Figure 2-22. Tank 241-U-109 Sample and Monitoring Risers
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3.0 WASTE CHEMISTRY

3.1 BEST-BASIS INVENTORY FOR EACH TANK

Single-shell tanks on the Flammable Gas Watch List (tanks A-101, AX-101, AX-103, $-102,
S-111, §-112, SX-101, SX-102, SX-103, SX-104, SX-105, SX-106, SX-109, T-110, U-103,
U-105, U-107, U-108, and U-109) contain one or more of the waste types of saltcake, sludge, and
supernatant. Table 3-1 gives the quantities of each of these waste types in these tanks along with
associated tank total volumes and vapor headspace velumes. Table 3-2 presents the total mass of
each constituent by tank. The predominant constituents present are sodium, nitrate, nitrite,
hydroxide, aluminum, and carbonate. Other noticeable constituents, which are of lesser amounts,
are chloride, chromium, phosphate, sulfate, and TOC. Total quantities of each chemical
constituent in each tank’s liquid (Table 3-3), salticake (Table 3-4), and sludge (Table 3-5) are also
reported. The concentrations of the various chemical constituents in molarity (moles/L) are
given for the total waste in each tank (Table 3-6). Molar concentrations of each chemical
constituent in each tank’s liquid (Table 3-7), saltcake (Table 3-8), and sludge (Table 3-9) are also
reported. Concentrations of various organic constituents are reported for each tank’s liquid
(ng/L) in Table 3-10 and solids (ug/g) in Table 3-11. Activities of cesium-137 and strontium-90
in each tank’s total waste and in its liquid, saltcake, and sludge layers are reported in Tables 3-12
and 3-13, respectively.

Waste volumes reported in Table 3-1 and the rest of this section are from Barker and Lechelt
(2000). These values were current as of September 1999, but may differ from those in the latest
release of Hanlon (2001) because values for SSTs being saltwell pumped may not reflect true
waste volumes. Tables 3-2 through 3-9, which list inorganic species, contain data obtained from
the Best-Basis Inventory (BBI) subject area in TWINS (CHG 2000, TWINS 2000a - TWINS
2000s) in October 2000. The BBI effort involves developing and maintaining waste tank
inventories comprising 25 chemical and 46 radionuclide components in the 177 Hanford Site
underground storage tanks. These BBIs provide waste composition data necessary as part of the
RPP process flowsheet modeling work, safety analyses, and risk assessments, and system design
for waste retrieval, treatment, and disposal operations. Other information presented in this
section is from tank characterization data, tank interpretative reports, and tank characterization
reports.
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3.1.1 Tank 241-A-101

Waste transaction records show that tank A-101 was initially filled with a combination of high-
level waste (HLW) and organic wash waste (OWW) from the Plutonium Uranium Extraction
(PUREX) facility. Total volumetric inputs were 18,001 kL (4,756 kgal) of HLW and 7,771 kL.
{2,053 kgal) of OWW. Condensates from this self-boiling waste tank were routed to cribs. The
remaining supernatant was removed from the tank in the first quarter of 1968, after which the
tank was sluiced for the first time. Approximately 284 kL (75 kgal) of sludge was retrieved from
the tank in 1968 and 1969.

Following this first sluicing, the tank received primarily strontium recovery (SRR) supernatant
from B-Plant and supernatants from the sluicing of other HLW tanks in A and AX Tank Farms.
The tank was re-sluiced in 1975 and 1976, and an additional 121 kL (32 kgal) of sludge was
removed. A sludge map prepared in February 1976 indicates that the sludge was non-uniformly
distributed across the bottom of the tank, and confirms the conclusion that the sludge volume
was approximately 11 kL (3 kgal).

Tank A-101 was used to stage feed for the 242-A Evaporator and as interim storage for the first-
pass evaporator salt slurries started in the third quarter of 1976. Some of these feeds/slurries
contained dilute concentrations of complexants. Approximately 1,196 kL (316 kgal) of salt
accumulated in the tank as the result of the storage of these solutions. In the fourth quarter of
1980, the tank was filled with evaporator slurry in two campaigns (campaigns 80-10 and 81-1,
numbered by fiscal year).

The feeds for evaporator campaigns 80-10 and 81-1 were non-complexed waste, reported in the
242-A Evaporator campaign reports as dilute double-shell slurry feed (DSSF). The TOC
concentration for tank A-101 supernatant was 10.7 g/L following evaporator campaign 80-1 and
6.75 g/L following evaporator campaign 81-1. Solid material included with samples taken 0.6 m
and 1.2 m (2 and 4 ft) below the surface following evaporator campaign 81-1 was approximately
95 weight percent sodium carbonate. Hydrates of sodium carbonate have relatively low particle
densities that may have led to an initial formation of a surface crust in tank A-101. No
significant waste transactions involving tank A-101 have taken place since 1980, except that
saltwell pumping has begun.

The waste volume is approximately 3,608 kL (953 kgal.) consisting of a supernatant layer

1,923 kL (508 kgal.), a layer of saltcake 1,673 kL (442 kgal.), and 11 kL (3 kgal.) of sludge. The
headspace volume in tank A-101 is 1,382 m’ (48,805 ft®). This tank is unusual in the fact that
the saltcake is situated above the liquid layer.
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3.1.2 Tank 241-AX-101

Tank AX-101 received HLW and OWW from the PUREX facility and supernatant from tanks
A-102, A-103, AX-102, and B-112 from the first quarter of 1965 until the last quarter of 1967.
From the third quarter of 1965 to the fourth quarter of 1967, supernatant was transferred from
tank AX-101 to tanks AX-102, AX-103, and A-102. An electric coil was inserted into tank
AX-101, and condensate was boiled off between the fourth quarter of 1966 and the fourth quarter
of 1967. Cesium/strontium recovery waste from B-Plant was sent to tank AX-101 from the first
quarter of 1968 to the first quarter of 1969. The tank received HLW and low-level waste (LLW)
from PUREX in the second quarter of 1968 to the second quarter of 1969. Tank AX-101 was
then removed from service as a boiling waste receiver tank.

Waste was transferred to tanks A-102, A-103, and AX-103 from the first quarter of 1968 to the
second quarter of 1976. From the second quarter of 1973 to the third quarter of 1974, the tank
received supernatant from tanks A-104 and AX-102 and received water from dry well installation
processes. From the third quarter of 1975 to the second quarter of 1976, the tank received SRR.
The tank was also sluiced from the third quarter of 1975 to the second quarter of 1976 to remove
the strontium/cesium recovery waste. In the third quarter of 1976, only 11 kL (3 kgal) of sludge
remained in the tank.

The tank received DSSF from the 242-A Evaporator through tanks A-102 and A-103 from the
fourth quarter of 1976 until the fourth quarter of 1980. In the fourth quarter of 1980, supernatant
was transferred to tank AW-103. The tank was pumped, and saltwell liquid was transferred to
tank AN-101 in the fourth quarter of 1987. Additional saltwell pumping has begun.

The waste volume is approximately 2,831 kL (747 kgal), consisting of a 1,461 kL (386 kgal)
supernatant layer, a saltcake layer of 1,359 kL (359 kgal), and 11 kL (3 kgal) of sludge. The
headspace volume in tank AX-101 is 2,271 m® (80,200 ft’). It shares the same solid-over-liquid
waste configuration as tank A-101. Tank A-101 integrity is sound (Hanlon 2000).

3.1.3 Tank 241-AX-103

Waste was initially added to tank AX-103 in the first quarter of 1965, consisting of inorganic
wash waste IWW) from PUREX, to the second quarter of 1966. From the first quarter of 1965
to the second quarter of 1968, the tank received OWW from PUREX. In 1965, the tank also
received supernatant waste from tank AX-101. In the first quarter of 1965, tank A-102 was used
to transfer supernatant waste into tank AX-103. Supernatant waste was transferred into tank
A-102 from the third quarter of 1965 to the first quarter of 1969. In 1968 and 1969, the tank
received B-Plant SRR, B-Plant LLW, and LLW from PUREX. Supernatant transfers to and from
tank A-106 occurred in 1969. The tank again received B-Plant SRR waste in 1972. Before tank
AX-103 was sluiced in 1976, many tanks transferred waste into and out of the tank. During that
time, the tank also received flush water from various sources and some of the waste evaporated.
In 1975, the tank received waste from the AR Vault. Some of the waste sluiced from the tank in
1976 was used for SRR. After the tank was sluiced, transfers of evaporated waste into and out of
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the tank occurred, but with a much smaller number of tanks was involved. Supernatant was
pumped from the tank in 1980.

The waste volume is roughly 424 kL (112 kgal), with a saltcake layer of 394 kL (104 kgal), no
supernatant layer, and 30 kL (8 kgal) of sludge. The headspace volume in tank AX-103 is
approximately 4,579 m’ (165,237 ft*), Tank AX-103 integrity is sound (Hanlon 2000).

3.1.4 Tank 241-S-102

The S Tank Farm was constructed during 1950 and 1951 and contains twelve, 100 series SSTs.
During the third quarter of 1953, tank S-102 received reduction-oxidation (REDOX) HLW from
S-Plant. From the fourth quarter of 1953 to the third quarter of 1955, REDOX HLW cascaded
from tank S-101 to tank S-102. This was the last waste addition to tank S-102 for the rest of the
1950s and the 1960s. Waste additions to tank S-102 from tank S-101 did not occur again until
the fourth quarter of 1973 and continued intermittently until the second quarter of 1979.

Because tank S-102 was the 242-S Evaporator feed tank from 1973 until 1976, frequent transfers
were made to tank S-102 from other tanks during this period. The following waste types are an
example of what was transferred to tank S-102: REDOX HLW, B-Plant HLW, B-Plant LLW,
REDOX LLW, PUREX facility LLW, cladding waste, laboratory waste, Pacific Northwest
Laboratory waste, evaporator bottoms {(EB), and terminal liquor.

After 1976, tank S-102 received mostly EB and evaporator feed from tanks SY-102, T-101,
TX-102, TX-104, and TX-105. In 1979, additions of HNO3;/KMnQ, were received from an
unknown source. These receipts were probably associated with evaporator operations, which
used HNO3/KMnOy in the partial neutralization process. Large, intermittent transfers of water
were added to the tank from 1972 through 1976. Approximately 2,078 kL (549 kgal) of waste
was left in tank S-102 after the final transfer from it in 1992.

Tank S-102 was removed from service and labeled inactive in 1980. Saltwell liquor waste was
transferred from tank S-102 to tank AW-106 during the fourth quarter of 1992 as part of the
interim-stabilization process. Tank S-102 was partially interim-isolated in 1982 and is awaiting
the completion of interim stabilization.

The waste contained in tank S-102 is classified as DSSF with a waste volume of approximately
1,946 kL (514 kgal). The waste is composed of a saltcake layer of 1,548 kL (409 kgal), no
supernatant layer, and 397 kL (105 kgal) of sludge. The headspace volume in tank S-102 is
roughly 2,029 m® (71,653 ft®). Tank S-102 integrity is sound (Hanlon 2000).
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3.1.5 Tank 241-S-111

Tank S-111 is the second tank in a three-tank cascade series. The tank went into service in 1952
when it received REDOX HLW cascaded from tank S-110. The tank received REDOX HLW
and REDOX cladding waste (CW) intermittently until 1957. A small transfer of cladding waste
was received from tank S-107 in 1965. From 1974 to 1976, waste from the tank was pumped to
tank S-102 for evaporator feed, Evaporator bottoms were returned to the tank intermittently over
this time period. The tank was removed from service and declared inactive in 1976. A total of
322 KL (85 kgal) of saltwell liquor was pumped from the tank from 1985 to 1992. The tank was
partially interim isolated in 1982. Additional saltwell pumping is scheduled to start in fiscal year
2001 to stabilize the tank,

The waste volume is approximately 2,044 kL (540 kgal), with 420 kL (111 kgal) of supernatant,
a saltcake layer of 1,181 kL (312 kgal), and 443 kL (117 kgal) of sludge. The headspace volume
in tank S-111 is roughly 1,931 m’ (68,193 ft’). The tank is designated as sound. Tank S-111
was removed from the Watch List for Organics when the organic complexants safety issue was
closed in December 1998. Tank S-111 integrity is sound (Hanlon 2000).

3.1.6 Tank 241-S-112

Tank S-112 was filled with REDOX HLW from the third quarter of 1952 until the fourth quarter
of 1973. The total amount of REDOX HLW, generated between 1952 to 1957, added to the tank
was 3,179 kL (840 kgal), all of which was cascaded from tank S-111. The waste in tank S-111
was received in a cascade from tank S-110, which received REDOX HLW and process CW
directly from the plant. Large volumes of 242-S EB and recycle supernatants were transferred to
tank S-112 beginning in 1974, depositing significant amounts of saltcake. Tank S-112 was
removed from service in 1974 and labeled inactive in 1976. A jet pump was installed and
initiated in 1978. The tank was primary stabilized in June 1979 and was partially isolated in
December 1982. Between 1978 and 1980, 473 kL (125 kgal) of liquid was jet pumped.

The waste volume is about 1,980 kL (523 kgal). The waste consists of 23 kL (6 kgal) of sludge,
no supernatant layer, and a saltcake layer of 1,957 kL (517 kgal) predicted from the Supernatant
Mixing Model (SMM). The Sort on Radioactive Waste Type (SORWT) model lists REDOX
HLW and EB as the primary and secondary waste types respectively. Evaporator Bottom waste
is the SORWT definition for saltcake that is equivalent to SMM waste. The headspace volume
in tank S-112 is roughly 1,995 m> (70,453 ft°). Tank S-112 integrity is sound (Hanlon 2000).
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3.1.7 Tank 241-SX-101

The SX Tank Farm was constructed between 1953 and 1954 in the 200 West area. The SX Tank
Farm contains 15 tanks that were constructed to the third-generation design. They were the first
tanks designed for self-boiling waste, and the original construction included underground duct
headers connected to a common condenser-ventilation system. Waste, consisting of REDOX
HLW from 202-8 Plant, was initially added to tank SX-101 in the second quarter of 1954, The
tank received REDOX HLW from the 202-S Plant and flush water from miscellaneous sources
until the third quarter of 1957. During this time and continuing until the third quarter of 1959,
condensed waste was sent from the tank to tank SX-106. In the last half of 1954, some of the
REDOX HLW cascaded to tank SX-102. In the third quarter of 1958 and the fourth quarter of
1960, condensed waste was sent to a crib.

Tank SX-101 received supernatant waste from tank BX-101 in the fourth quarter of 1971. Flush
water from miscellaneous sources was subsequently added to the tank in the second quarter of
1972 and the first quarter of 1974. From the third quarter of 1974 to the fourth quarter of 1975,
waste was transferred to and received from tank S-102 in support of 242-S Evaporator operation.
Also in support of evaporator operations, from the first quarter of 1979 to the fourth quarter of
1980, supernatant waste was transferred from the tank to tanks SY-102, TX-118, S-103, and
BX-105. During this time the tank received waste from tanks SY-102, U-107, U-111, and
SX-106. The last addition to tank SX-101 was flush water from miscellaneous sources added in
the fourth quarter of 1980. Saltwell pumping began November 21, 2000,

The waste volume is about 1,696 kL (448 kgal), all listed as a saltcake layer. The headspace
volume in tank $X-101 is roughly 3,206 m® (113,219 ft’). Tank SX-101 integrity is sound
(Hanlon 2000).

3.1.8 Tank 241-SX-102

Tank SX-102 entered service when it initially received HLW from the REDOX plant in 1954,
Between 1954 and February 1973, tank SX-102 was actively transferring and receiving waste

from other SX tanks and other tank farms. An estimated 223 kL (59 kgal) of solid wastes was
retained in tank SX-102 through the third quarter of 1974,

In 1974 and January of 1975, tank SX-102 was receiving EB from 242-S Evaporator through
waste transfers from tanks S-106 and SX-106. From February of 1975 to August 1975, tank
S$X-102 received processed waste (slurry) from the 242-S Evaporator and saltcake solids
accumulated. The early campaign 242-S Evaporator concentrate was SMM S1 waste
{(Supernatant Mixing Model 242-S Evaporator saltcake generated from 1973 until 1976) and late
campaign 242-S Evaporator concentrate was SMM S2 waste (Supernatant Mixing Model

242-§ Evaporator saltcake generated from 1977 until 1980). During this period, tank S$X-102
was pumping supernatant to tank S-102. From 1978 through 1980, tank SX-102 transferred
waste to tank SY-102. The tank was removed from service and labeled inactive in 1980. The
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total waste volume was adjusted in 1993 to 2,055 kL (543 kgal). The tank was partially isolated
in June 1985.

Tank SX-102 has an operating capacity of 3,785 kL (1,000 kgal) and contains 1,946 kL

(514 kgal) of DSSF. The waste consists of a supernatant layer of 507 kL (134 kgal), a saltcake
layer of 1,438 kL (380 kgal), with no sludge layer. The headspace volume in tank SX-102 is
approximately 2,956 m® (104,390 ft’). The waste volume in this tank continues to decrease
because of evaporation and waste compaction. Tank SX-102 integrity is sound (Hanlon 2000).

3.1.9 Tank 241-SX-103

Waste was initially added to tank SX-103 in the fourth quarter of 1954 with the cascade of
REDOX process HLW from tank SX-102. In the first and third quarters of 1955, waste was
received from the 202-S REDOX Plant. In the second quarter of 1958, supernatant was sent to
tank U-101. From the fourth quarter of 1958 to the third quarter of 1960, sparge transfers of
water were sent to tank SX-106. From the second quarter of 1961 to the second quarter of 1971,
supernatant waste was sent to tanks SX-102, TX-101, TX-118, TY-101, and BX-104. From the
second quarter of 1961 to the second quarter of 1963, condensate waste was sent to tank SX-106.
From the third quarter of 1961 to the third quarter of 1971, the tank received supernatant waste
from various SX tanks, tanks TX-118, BX-101, and BX-103.

In support of the 242-S Evaporator campaign, supernatant waste was transferred to and received
from tank S-102 from the first quarter of 1975 to the first quarter of 1977. From the second
quarter of 1977 to the third quarter of 1980, waste was transferred and received from tank
SY-102 in support of the 242-S Evaporator campaign. The tank was labeled as inactive in 1978
and removed from service in 1980. The tank was partially interim isolated in June 1985.
Saltwell pumping has begun.

The waste volume is approximately 2,400 kL (634 kgal), consisting of 1,965 kL (519 kgal) of
saltcake, no supernatant, and 435 kL (115 kgal) of sludge. The headspace volume in tank
$X-103 is roughly 2,502 m® (88,357 ft*). Tank SX-103 integrity is sound (Hanlon 2000).

3.1.10 Tank 241-SX-104

Tank SX-104 was built in 1954 and is the first tank in a cascade series of three tanks including
tanks SX-105 and SX-106. The tank entered service in the first quarter of 1955 and received
REDOX waste from the first quarter of 1955 until the third quarter of 1971. The tank received
EB and REDOX ion exchange waste from the third quarter of 1971 until the second quarter of
1975. From the third quarter of 1975 until the second quarter of 1976, tank SX-104 received EB
and recycle wastes from the 242-S Evaporator. The tank received concentrated evaporator feed
and residual evaporation liquid during the third quarter of 1976 until the third quarter of 1977.
During the fourth quarter of 1977, the tank received partial neutralized feed waste. In the first
quarter of 1980, the content of the tank was classified as DSSF. Tank SX-104 is classified as an
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assumed leaker with an estimated leak volume of approximately 23 kL (6 kgal) and was
designated inactive in 1980. The tank was partially interim isolated in June 1985.

Saltwell pumping began on September 26, 1997; 757 L (200 gal) were pumped in September
before the transfer line between tank SX-104 and 244-S became plugged. Pumping was resumed
on March 19, 1998, following the installation of a dilution system to dilute the waste in the
saltwell in order to make it easier to pump the waste to tank SY-102. Pumping was interrupted
and resumed on March 23, 1998, and again interrupted.

Saltwell pumping was restarted on July 23, 1998, and continued until July 27, 1999, when the
rear seal of the jet pump ruptured and a major spray leak ensued within the pump pit. A total of
436 kL (115 kgal) of liquid waste was transferred to tank SY-102 before failure occurred. Waste
volume calculations show 182 kL (48 kgal) of drainable interstitial liquid remaining in the tank,
of which approximately 167 kL (44 kgal) is estimated to be pumpable. On April 26, 2000, tank
SX-104 was declared interim stabilized in compliance with the Tank Farm Facility Interim
Stabilization Evaluation,

The waste volume is approximately 1,768 kL (467 kgal). The waste consists of a saltcake layer
of 1,253 kL. (331 kgal), no supernatant layer, and 515 kL (136 kgal) of sludge. The headspace
volume in tank $X-104 is around 3,134 m® (110,676 ft’). Tank SX-104 is an assumed leaker
(Hanlon 2000),

3.1.11 Tank 241-SX-105

Tank SX-105 entered service in 1955 when it received HLW from the REDOX plant. The tank
also received REDOX process waste in a cascade from tank SX-104. Between 1962 and 1965,
tank SX-105 received and sent HLLW waste to and from six other SX Tank Farm tanks. In 1966
and 1967, waste from the REDOX plant was sent to tank SX-105. During the third and fourth
quarters of 1967, the tank received small amounts of Hanford Laboratory Operations waste.
Large volumes of recycled supernatant and EB were received and transferred from approximately
1968 through 1980, during which significant amounts of saltcake accumulated. Between 1979
and 1980, the tank sent and received small amounts of waste from tanks S-103, $-107, SY-102,
and §X-102, the last transfer being in 1980 from tank S-103. The tank was removed from
service in 1980, and was partially isolated in 1985,

The waste volume is approximately 2,411 kL (637 kgal), but the waste volume in this tank
continues to decrease due to evaporation, saltwell pumping, and waste compaction. The waste is
composed of a saltcake layer of 2,165 kL (572 kgal), a layer of sludge of 246 kL (65 kgal), and
no supernatant layer. Tank SX-105 is listed as sound and has a headspace volume of 2,491 m*
(87,969 ft*). The tank is estimated to contain 1,083 kL (286 kgal) of drainable liquid and is
scheduled to be saltwell pumped in FY 2001. Tank SX-105 integrity is sound (Hanlon 2000).
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3.1.12 Tank 241-5X-106

Waste, consisting of flush water from miscellaneous sources, was initially added to tank SX-106
in the third quarter of 1954. From the fourth quarter of 1954 to the fourth quarter of 1963, the
tank received condensate waste from various SX-Farm tanks and miscellaneous sources. Waste
was transferred from the tank to the S-021 crib from the fourth quarter of 1954 to the third
quarter of 1971. From the first quarter of 1956 to the second quarter of 1963, the tank received
flush water from miscellaneous sources. From the second to the fourth quarters of 1957,
supernatant waste was sent to tank SX-104. From the fourth quarter of 1958 to the third quarter
of 1960, the tank received sparse transfers of water from tanks SX-103 and SX-115. From the
first quarter of 1959 to the second quarter of 1963, supernatant waste was transferred to various
SX-Farm tanks. In the fourth quarter of 1959, flush water was sent from the tank to tank
§X-114.

In the second quarter of 1963, waste was transferred from the tank to the 202-S Plant for
REDOX processing. From the second quarter of 1964 to the fourth quarter of 1975, flush water
from miscellaneous sources was added to the tank. Some of this flush water consisted of
Hanford Laboratory Operations and Pacific Northwest Laboratory waste. In the fourth quarter of
1971, waste was sent from the tank to tank SX-111.

In support of the 242-S Evaporator campaign, supernatant waste was transferred to and received
from tank S-102 from the third quarter of 1972 to the fourth quarter of 1976. From the first
quarter of 1972 to the second quarter of 1976, waste was transferred into and out of the tank into
various tanks as feed staging for the 242-S Evaporator. From the second quarter of 1978 to the
fourth quarter of 1980, waste was transferred to and received from tank SY-102 in support of the
242-S Evaporator campaign. Waste was transferred into and received from various tanks from
the first quarter of 1978 to the fourth quarter of 1979 as feed staging for the 242-S Evaporator. In
the third and fourth quarters of 1980, a neutralized solution of HNQ3/KMnQO, was added to the
tank to neutralize the waste and increase volume reduction. The tank was removed from service
and labeled inactive in 1980. Water from miscellaneous sources (most likely attributed to tank
intrustons such as rain water) was added to the tank from 1983 to 1993. The tank was partially
interim isolated in 1985. On May 15, 2000, tank SX-106 was declared interim stabilized in
compliance with the Tank Farm Facility Interim Stabilization Evaluation.

The waste volume is 1,223 kL (323 kgal), which consists of a saltcake layer and no sludge. The
headspace volume in tank SX-106 is about 3,301 m® (116,574 ft®). Tank SX-106 integrity is
sound (Hanlon 2000).
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3.1.13 Tank 241-SX-109

Tank SX-109 is the last tank in a cascade that includes tanks SX-107 and SX-108. Tank $X-109
was constructed in the early 1950's and was designed to be a self-boiling tank with the
condensate directed back to the tank. Tank SX-109 was connected to an exhauster.,

HLW REDOX waste was first added to tank SX-109 in 1955. In 1956, 1961, and 1962,

tank SX-109 received additional REDOX process HLW. In 1965 tank SX-109 also received a
one-time addition of concentrated REDOX process HLW supernatant liquid. All the REDOX
process HLLW additions are assumed to have contributed to the solid waste now stored in tank
SX-109. Beyond such waste additions, there were many liquid transfers into and out of tank
S$X-109. These included water, condensate from self-boiling tanks including tank §X-109 and
supernatant liquid from other SX-Farm tanks.

The waste volume is about 946 kL (250 kgal). The waste consists of a saltcake layer of 662 kL
(175 kgal), no supernatant layer, and 284 kL (75 kgal) of sludge. The headspace volume in tank
SX-109 is roughly 3,956 m® (139,705 ft’). Tank SX-109 is an assumed leaker (Hanlon 2000).

3.1.14 Tank 241-T-110

Tank T-110 first began receiving second-cycle waste from T-Plant in December 1944,
Additional second cycle waste was added from T-Plant in the first quarter of 1948 until the third
quarter of 1956. From the second quarter of 1952 to the first quarter of 1953, the tank also
received lanthanum fluoride waste from the plutonium concentration facility. Flush water was
added in the second and third quarters of 1956 before the tank was placed on standby. The tank
was inactive and full until the second quarter of 1974 when waste was sent to tank S-110.
Supernatant waste was sent to tank T-101 in the first and second quarters of 1976 and to tank
TX-118 in the third quarter of 1978. The last transfer from tank T-110 before the push mode
core was taken was saltwell pumping of liquids to tank AN-103 in the fourth quarter of 1983.
Saltwell pumping began again in May 1997, and the pump is still situated in the waste. As of
August 31, 1997, 63.2 kL of supernatant liquid had been pumped from the tank, including the
sluice water and any liquids that may have intruded into the tank from outside, via pump pits.
On January 27, 2000, tank T-110 was declared interim stabilized in compliance with the Tank
Farm Facility Interim Stabilization Evaluation.

The waste volume is about 1,465 kL (387 kgal) of non-complexed sludge. The headspace

volume in tank T-110 is about 1,749 m’ (61,765 ft*). Tank T-110 integrity is sound (Hanlon
2000).
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3.1.15 Tank 241-U-103

Tank U-103 is the third in a cascade series of three tanks that includes tanks U-101 and U-102.
Tank U-103 first received metal waste from T-Plant via the cascade line in February 1947 and
was full by July 1947. In January 1952, waste was sent to tank TX-115 to prepare the tank to
receive waste from the test sluicing of tank U-101. Flush water from miscellaneous sources was
added to the tank in the first quarter of 1952. Metal waste from tank U-101 was sluiced to tank
U-103 from April to November 1952. Supernatant from tank U-102 was transferred to tank

U-101 through tank U-103 and the 244-CR Vault to mobilize the metal waste sludge. Sluicing of

tank U-103 for uranium recovery began in December 1952, and the tank was emptied during
August 1953. Supernatant from tanks TX-115, U-104, U-101, and U-102 was used to sluice the
solids in tank U-103.

Tank U-103 again began receiving metal waste through the cascade from tank U-102 from the
second quarter of 1953 to the second quarter of 1954. Waste from tank U-103 was sluiced to the
uranium recovery process during November 1955. The cleanout of the tank was initiated in
November 1956 and completed in December 1956.

In the first quarter of 1957, the tank received metal waste and water. Waste was sluiced from the
tank to the uranium recovery process in the second quarter of 1957. Tank U-103 was filled with
REDOX HLW supernatant from tanks SX-102 and SX-111 during the fourth quarter of 1958.
The tank remained inactive until the first quarter of 1974 when waste was sent from tank U-103
to tanks S-101 and S-110. From the first quarter of 1974 to the second quarter of 1976, the tank
received flush water from miscellaneous sources. Tank U-103 began receiving EB waste from
tank TX-106 in the second quarter of 1975 and from tank TX-118 in the third quarter of 1975.
Waste was sent from tank U-103 to tanks U-111 and TX-118 during the first quarter of 1976,
nearly emptying the tank. Additional EB waste was received by tank U-103 from tanks TX-108
and T-101 during the second quarter of 1976. Tank U-107 also sent Pacific Northwest
Laboratory wastes to tank U-103 during the second quarter of 1976. In addition, tank U-103
exchanged evaporator waste with tank S-102 during the second quarter of 1976.

Tank TX-108 sent EB waste to tank U-103 during the third quarter of 1976, as tank U-103
became the staging tank for the 242-S Evaporator with tank S-102 as the feed tank. Waste was
sent to tank S-102 during the fourth quarter of 1976 with EB waste being received into tank
U-103 from tank S-102 during the first quarter of 1977. The tank received waste from tank
TX-103 and sent waste to tank U-111 during the first quarter of 1977.

In the second quarter of 1977, tank SY-102 became the feed tank for the 242-S Evaporator and
continued the exchange of feed and bottoms waste with tank U-103. This ended in the fourth
quarter of 1977 with a final exchange of waste with tank SY-102. In the fourth quarter of 1977,
HNOs/KMnQO, was also added to the tank from evaporator operations. The tank was declared
inactive in 1978. The tank contains REDOX sludge and SMM S1/SMM S$2 saltcake and
supernatant. On September 11, 2000, tank U-103 was declared interim stabilized in compliance
with the Tank Farm Interim Stabilization Evaluation.
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Tank U-103 contains about 1,722 KL (455 kgal) of non-complexed waste and is listed as sound.
The waste consists of a saltcake layer of 1,677 kL (443 kgal), and 45 kL (12 kgal) of sludge. The
headspace volume in tank U-103 is about 1,442 m’ (50,924 ft*). Tank U-103 integrity is sound
(Hanlon 2000).

3.1.16 Tank 241-U-105

Tank U-105 is the second in a cascade series of three tanks beginning with tank U-104 and
ending with tank U-106. Tank U-105 began receiving waste in the fourth quarter of 1947. It
received metal waste that cascaded from tank U-104, until the third quarter of 1948; thereafter,
waste was cascaded from tank U-105 to tank U-106. In the first quarter of 1953, the tank
received flush water, and waste was sent to tank U-106. In the second quarter of 1953, waste
was sent to U-Plant for uranium recovery. In the fourth quarter of 1954, metal waste again
cascaded from tank U-104 through tank U-105 to tank U-106.

In the first quarter of 1956, the tank received flush water, and the contents of tank U-104 were
pumped to tank U-105 for sluicing in the same period. Waste was periodically sent to U-Plant in
1956 and in the first quarter of 1957. In 1957, the tank was sluiced, and the waste was sent to the
U-Plant. After sluicing, the tank was nearly empty. In the third quarter of 1957, flush water was
sent to the tank. In the first quarter of 1961, HLW REDOX plant waste was cascaded to tank
U-105 from tank U-104; in the fourth quarter of 1961, cladding removal waste was sent from
tank U-108,

In the first quarter of 1974, waste was sent to tank S-110. In the second quarter of 1975, tank
U-105 received EB waste from tank TX-106. Subsequently, it received evaporator waste from
tank TX-118 in the third and fourth quarters of 1975 and the first quarter of 1976. Waste also
was sent to tank U-111 during this period. In the remainder of 1976 and in the first quarter of
1977, tank U-105 received waste from tank S-102, and it sent waste to tank U-111.

Tank U-105 was declared inactive in 1979 and underwent partial interim isolation in
December 1982. The tank is categorized as sound, but intrusion prevention and saltwell
pumping are not yet completed. The current waste level is about 1,582 kL (418 kgal) and is
classified as non-complexed. The waste consists of 140 kL (37 kgal) of supernatant, a saltcake
layer of 1,321 kL (349 kgal), and 121 KL (32 kgal) of sludge. The headspace volume in tank
U-105 is about 1,632 m® (57,634 ft*). Tank U-105 integrity is sound (Hanlon 2000).

3.1.17 Tank 241-U-107

Tank U-107 first received metal waste from T-Plant in September 1948 and was full by
December 1948. Tank U-107 is the first in a cascade series of three tanks that inciude tanks
U-108 and U-109. The waste cascaded from tank U-107 until the third quarter of 1949. The
waste from tank U-109 was then sent to U-Plant for uranium recovery.
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The tank U-107 contents were sluiced and sent to tank U-109 through a direct transfer for
uranium recovery in the third quarter of 1953. Metal waste was again transferred from T-Plant to
tank U-107 in 1954, a portion of which cascaded to tank U-108. In 1955 waste was sluiced and
sent directly to tank U-109 for uranium recovery, and the heel was jet sluiced in 1956.

In the years 1957-1939, tank U-107 received REDOX coating waste supernatant from tank
§-107. There were no further transfers until 1968-1969 when supernatant was recetved from
tanks S-107 and SX-105, and waste was sent to tanks U-108, U-109, and TX-101.

No transfer activity for tank U-107 was recorded in 1970 or 1971. Beginning in 1972, activity in
the tank resumed. From 1972 to 1976 the tank received N-Reactor and T-Plant decontamination
wastes, laboratory waste from Pacific Northwest Laboratory, 204-4S, and 222-8, and supernatant
from S-106, S-107, T-103, T-112, and U-110. Waste water was received from various
uranium/thorium recovery tanks (tanks TX-002, UR-001, and UR-002), and catch tank TX-302C.
Waste cascaded to tank U-108, and supernatant was sent to tanks TX-101, C-104, S-101, S-107,
S-110, and U-103. Tank U-107 sent evaporator feed to and from tank S-102 in 1976 and 1977.
Waste was sent to and received from tank SY-102 in 1977.

Tank U-107 received slurry from partial neutralization evaporator campaigns at the

242-§ Evaporator in 1978 and again in 1980. Between these years, tank U-107 also received
supernatant from tank SY-102 and sent waste to tanks U-102, U-111, SX-101, SX-106, and
SY-102. Tank U-107 was removed from service in November 1980 and currently contains

1,544 kL (148 in.) of DSSF waste and is listed as sound. The waste consists of 125 KL (33 kgal.)
of supernatant, a saltcake layer of 1,363 kL (360 kgal), and 57 kL (15 kgal) of sludge. The
headspace volume in tank U-107 is about 1,669 m” (58,940 ft*). Tank U-107 integrity is sound
(Hanlon 2000).

3.1.18 Tank 241-U-108

Tank U-108 began receiving metal waste (MW) in the first quarter of 1949 via the cascade line
from tank U-107. The tank was full and cascading to tank U-109 by the end of the first quarter,
and the cascade continued until the fourth quarter of 1954. The tank received flush water in the
third quarter of 1953 and in the third and fourth quarters of 1954. In the fourth quarter of 1955,
tank U-108 again received flush water. Some of this waste was sluiced to tank U-109. Most of
the waste from the tank U-108 was transferred out for the uranium recovery process by the first
quarter of 1956.

From the second quarter of 1959 until the fourth quarter of 1964, tank U-108 received REDOX
CW from tank S-107. During the fourth quarter of 1961, tank waste was sent to tank U-105.
During the second quarter of 1963, tank waste was sent totank T-101. From the second through
fourth quarters of 1968, tank waste was sent to tank TX-118. In the second quarter of 1964 and
the third quarter of 1968, the tank received CW from the REDOX plant. The tank received
supernatant waste from tank U-107 from the fourth quarter of 1972 until the first quarter of 1976.
During the second quarter of 1972 and the fourth quarter of 1973, the tank waste was sent to
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tanks TX-101 and S-101. From the second quarter of 1975 through the first quarter of 1977, the
tank received evaporator bottom waste from tank S-102. During the same time period,
supernatant waste was sent to tank U-111, and evaporator feed waste was sent to tank S-102.

The waste volume is approximately 1,772 kL. (468 kgal), with 91 kL (24 kgal) of supernatant, a
saltcake layer of 1,571 kL (415 kgal), and 110 kL (29 kgal) of sludge. The headspace volume in
tank U-108 is about 1,442 m® (50,924 ft*). Tank U-108 integrity is sound (Hanlon 2000).

3.1.19 Tank 241-U-109

Tank U-109 is the third in a cascade series of three tanks, beginning with tanks U-107 and
U-108. Tank U-109 first received metal waste from tank U-108 in March 1949 and was full by
the third quarter of 1949. Removal of the metal waste started in 1953 and was completed in the
first quarter of 1954. New metal waste started entering the tank in the third quarter of 1954, and
the tank was full by the fourth quarter of the same year. Metal waste was sluiced from tank
U-109 in the second quarter of 1956, and the tank was declared empty.

In the third and fourth quarters of 1956, tank U-109 received REDOX CW supernatant. Except
for a few additions of water, no tank transfers occurred until 1969 when most of the waste was
sent to tank TX-118. In the fourth quarter of 1969, supernatant was received from tank U-107.
No further transfers occurred until 1974 when much of the waste was sent to tank S-110. In the
fourth quarter of 1975, tank U-109 received EB from the 242-S Evaporator Crystallizer. In the
first quarter of 1977, residual liquor was received.

Tank U-109 was declared inactive in the first quarter of 1978 and currently contains 1,760 kL
(465 kgal) of waste. The waste consists of 72 kL (19 kgal) of supernatant, a layer of saltcake of
1,556 kL (411 kgal), and 132 kL (35 kgal) of sludge. The headspace volume in tank U-109 is
roughly 1,454 m’ (51,348 ft®). Tank U-109 integrity is sound (Hanlon 2000).

3.2 DISSOLUTION STUDIES

Waste dissolution studies have been performed on waste from tanks A-101 and S-102.

3.2.1 Tank 241-A-101 Dissolution Studies

Dissolution tests performed on samples of tank A-101 waste illustrated that most of the major
salts were dissolved at 100 percent dilution (1g H,O : 1g undiluted sample), and only slightly
more so at 300 percent dilution. Also shown was that under almost all dilution conditions,
dissolution was more extensive at 50 °C than at 25 °C. The percentage of sodium in the saltcake
that could be retrieved at reasonable dilution levels by pumping liquid from the tank is estimated
at greater than 90 percent (Herting 1999).
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3.2.2 Tank 241-S-102 Dissolution Studies

Dissolution tests performed on samples of tank S-102 waste illustrated that most of the major
salts were dissolved at 100 percent dilution while only slightly more dissolution occurred at 300
percent dilution. Additionally, under almost all dilution conditions, dissolution was more
extensive at 50 °C than at 25 °C. The percentage of sodium in the saltcake that could be retrieved
at reasonable dilution levels by pumping liquid from the tank is estimated at greater than

95 percent (Herting 1999).
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4.0 WASTE CONFIGURATION AND PROPERTIES

Waste configuration is the physical arrangement of waste types in layers within a tank. The
waste configuration has a strong influence on a tank’s gas retention and release behavior. The
three waste types of interest are liquid, sludge, and saltcake. Liquid is a solution of dissolved
inorganic and organic compounds in water that contains at most a small fraction of suspended
solid particles. Liquid that lies over a layer of settled solids is called supernatant. The solid
particles that have settled to the tank bottom with liquid between them form a sediment layer that
consists of sludge or saltcake waste. Sludge consists of fine insoluble particles, which are mostly
metal oxides. Saltcake forms by the settling of sodium and aluminum salts precipitated from a
saturated solution by cooling and consists of generally larger particles than sludge. A “salt-
slurry” waste type of relatively fine particles is typically found in DSTs and some SSTs. Some
tanks contain a mixture of sludge and saltcake that can be considered a “mixed” waste type.
However, the mixed waste appears to behave as saltcake, in most cases, and will not be discussed
separately here.

The waste types are distributed within the tanks in only a few different configurations, depending
mainly on the amount of liquid. The DSTs typically contain the “liquid-over-sediment”
configuration where a relatively deep layer of supernatant liquid overlies an equally deep layer of
liquid-saturated sediment.” The main waste configurations in-SSTs are “wet sediment,” where
the sediment is saturated with liquid but there is little or no supernatant; and “pumped,” where
interstitial liquid has been reduced by saltwell pumping such that the [LL is well below the waste
surface. One other waste configuration is of interest in two SSTs: a “solid-over-liquid”
configuration where the entire mass of undissolved solids in the tank floats on a very dense liquid
layer. The SSTs A-101 and AX-101 are the only tanks in which temperature profiles, neutron
logs, and core samples indicate the solid-over-liquid configuration. The important waste
configurations are sketched in Figure 4-1.°

Nonuniform cooling, precipitation, and compaction have created complex variations on these
basic waste configurations in many SSTs. In the “jelly donut” configuration, the outer region is
generally dryer and stronger, and the waste may have subsided significantly in the center near the
saltwell screen to create a dished upper surface. Layers of different wastes deposited as the tank
was last filled can also create vertical nonuniformities in water content, density, strength, and gas
retention. However, rather than denote this as a separate waste configuration, it is simply noted
that there is considerable variation among the tanks with the nominal “wet sediment” and
“pumped” waste configurations.

5 Strictly speaking, a porous medium containing even a little gas is not completely saturated. However, if the gas
phase is discontinuous (i.e., bubbles), we consider the sediment to be functionally saturated with liquid.

Sa floating solids layer or “crust” and “mixed slurry” where mechanical mixing keeps a large fraction of the solid
particles suspended exist in DSTs. See Hedengren et al. (2000) for a discussion of these waste configurations.
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Figure 4-1. Waste Configurations

4.1 SINGLE-SHELL TANK WASTE CONFIGURATIONS AND PROPERTIES

The actual waste configuration in a tank can be broadly described in terms of the waste level, the
supernatant liquid depth, if any, and the ILL. This allows the waste in each of the Flammable
Gas Watch List SSTs to be classified into one of the categories shown in Figure 4-1. Additional
data are also given to present a more complete picture of the condition of the waste. Data for
each tank are given in separate subsections below. It is important to note that the waste
configuration changes rapidly as SSTs are pumped.” The core samples from the Flammable Gas
Watch List SSTs were, without exception, obtained before pumping. The waste density and
strength estimates, as well as the retained gas data from the RGS, may no longer apply after
pumping. The waste temperatures, waste level, and neutron logs, however, span the pumping
period. The pumping status and schedule of each tank are stated in each section to indicate
which data are or may become obsolete. |

" Besides the disturbance of saltwell pumping, as of this writing, tanks S-102 and S-112, and possibly tank U-107 are
scheduled to be retrieved in the next several years.
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The saltwell pumping history is described for each pumped tank in terms of the pumping rate, the
cumulative volume pumped, in terms of level, and the waste level as functions of cumulative
pumping time. The time is the actual time the pump was operating and does not include gaps for
downtime. The cumulative volume pumped is converted to level change by dividing the volume
by the total tank cross-sectional area. The level change due to pumping is then subtracted from
the initial waste level to give the “pumped level.” Comparing the pumped level to the waste
level can provide some valuable insights into the effects of saltwell pumping. If supernatant is
being pumped, the pumped level and waste level decrease together. If interstitial liquid is being
extracted, the waste level should remain above the pumped level. If the liquid is non-uniformly
distributed and most of it is pumped from the central region of the tank, the liquid level may
decrease more rapidly than the pumped level.

The next plot shown for each tank gives the histories of the waste level and ILL from 1990 to
December 2000. Periods when the level instrument was left in “intrusion mode” (see

Section 2.0) are ignored. A gradual rise in the waste level and ILL over several years is
attributed to gas accumulation. Other waste volume growth mechanisms (e.g., intrusion, transfer,
condensation) are episodic or seasonal and would not produce steady growth. Determination of
the ILL is somewhat subjective. There can be a considerable volume of liquid in unsaturated
layers above the ILL, especially in recently pumped tanks. Therefore, the neutron logs are
included in a separate plot to show a qualitative vertical distribution of liquid in each tank. The
relation of neutron count rate to water content is nonlinear and complicated by the chemistry.®
Therefore, it is not possible to accurately quantify the liquid fraction from the neutron logs
although they can indicate regions where gas fractions exceed 5 to 10% (see Section 6.4.2).

Plots of measured density and estimates of the yield stress (t,) for each segment of recent core
samples are also shown for several tanks since they have a strong influence on gas retention and
release behavior (see Section 6.1). The densities are measured in samples of the drained liquid
and the remaining bulk solids from core samples. The volume average of the liquid and solids
densities is given for the upper and lower half of each core segment. - Since most of the gas
retained in the sample is released in the extrusion and sample preparation process, these densities
are assumed to be gas-free. The yield stress is estimated by the technique developed by Gauglitz
and Aiken (1997) from visual observation of core extrusions compared to the extrusion behavior
of materials with known yield stress (see Section 2.4.1). This method has a relatively high
uncertainty, but it provides a good indication of whether the waste is relatively weak

(ty ~ 100 Pa) or strong (1, ~ 1,000 Pa). The density and yield stress are shown on the same plot
along with a neutron profile from prior to saltwell pumping to help identify regions of higher or
lower liquid content.

The accuracy of the measured densities and the yield stress estimates depend on the solubility
and in-situ temperature of the waste. The measured physical properties represent tank conditions
only for relatively cool tanks (temperature < 100 °F). If the waste from a hotter tank cools
significantly in the hot cell prior to extrusion, dissolved solids are likely to precipitate. This

8 P s . .
The neutron probe does not distinguish between hydrogen atoms in free water molecules and those in water of
hydration, organic molecules, ammonia and ammonium ions, hydroxide groups, and other hydrogen-rich species.
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causes the density of the liquid to decrease and that of the bulk solids to increase compared to the
in-situ value. Solids added by precipitation after the sample has cooled can greatly increase the
vield stress. In tank A-101, for example, samples from the liquid layer experienced so much
precipitation they actually extruded as a solid.

The temperature history of the waste is also plotted for each tank, both to indicate whether the
waste is relatively hot or cold and to illustrate the thermal behavior of the tank. While each tank
has at least one thermocouple tree, the thermocouples are spaced relatively far apart, some may
be out of service, and there is no means to calibrate them. However, the temperature data are
sufficient in both density and quality to show the general cooling trend and the annual thermal
cycle of each tank. In the plots below, thermocouple elevations are taken from Tran (1993)
where available. Since the document gave no thermocouple elevations for tanks S-112, SX-105,
S$X-106, $X-109, and T-110, they were assumed to be the same as similar tanks in the same
farm.

The following subsections present the waste configuration, properties, temperatures, and saltwell
pumping histories for each of the nineteen SSTs on the Flammable Gas Watch List in
alphabetical order. Similar data for tanks S-103 and S-106 are provided in Appendix A.

4.1.1 Tank 241-A-101 Waste Configuration

The waste in tank A-101 is highly concentrated saltcake classified as DSSF. Its (and tank
AX-101's) configuration is unusual in that the entire 170-inch layer of solids is floating above an
equally deep layer of convective liquid by virtue of its retained gas. For a detailed discussion on
the history and chemistry of the waste in tank A-101, see Stock (2000b). The average gas
volume fraction in the floating layer measured by the RGS was 0.18, which is consistent with
both the BPE results and the neutron profile. Saltwell pumping in tank A-101 began May 6,
2000, but only 18 kgal of liquid have been removed as of December 2000 because of mechanical
problems. The saltwell pumping history is summarized in Figure 4-2.

The waste level and ILL histories since 1990 are plotted in Figure 4-3. The ILL in tank A-101
corresponds to the top of the floating layer as shown in the neutron log in Figure 4-4. The
ENRAF™ and LOW are on opposite sides of the tank (see Figure 2-4) and the 17- to 18-inch
difference between the ILL and waste level indicates that the waste surface is uneven or that there
is a cavity around the ENRAF™ gauge. This is supported by the agreement of the surface level
derived from core samples and the ILL. A cavity or some kind of local depression would help
explain the upward spikes in the waste level during initial saltwell pumping. The 6- to 7-inch
drop in the ILL and level correspond almost exactly to removal of 18,000 gallons, or 6.5 inches,
of liquid. Saltwell pumping to-date has removed liquid only from the lower layer as shown by
the neutron log in Figure 4-4. The shape of the neutron profile for the upper layer descended but
did not change significantly. The lower neutron count in the upper layer is believed to be mostly
to retained gas.
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The density and yield stress profiles derived from core samples obtained prior to saltwell
pumping are shown in Figure 4-5. The density of the floating layer averages about 1.7 g/mL
while the liquid density is approximately 1.54 g/mL. The strength assessment for the waste in
this tank is almost certainly compromised by the relatively high waste temperature of around
140 °F. After the core samples reach hot cell temperature of 90 to 100 °F, solids precipitation
would significantly increase the apparent waste strength observed during extrusion. This is
evidenced by the apparent 100 Pa yield stress in samples from below the base of the floating
layer. The yield stress in the floating layer is relatively uniform, possibly decreasing near the
upper surface.

The waste temperature history shown in Figure 4-6 indicates a gradual cooling trend of about

1 °F per year. Only the portion of the waste above the 292-inch thermocouple shows a
discernable seasonal trend. The 340-inch thermocouple shows an annual variation of about 6 °F,
The 412-inch thermocouple is in the tank headspace and registers a 10 °F seasonal swing. The
liquid layer temperature is essentially uniform at about 142 °F. The floating layer temperature
decreases from 140 °F to 110 °F with an average of approximately 130 °F. The slight
temperature decrease of the thermocouple readings in the lower part of floating layer during
saltwell pumping is consistent with a uniform descent of the layer as liquid was removed.

4.1.2 Tank 241-AX-101 Waste Configuration

Like tank A-101, tank AX-101 waste is DSSF with the same solid-over-liquid configuration, A
138-inch liquid layer lies under a 128-inch floating solids layer. Based on a single RGS sample
and the neutron log, the floating layer has a gas volume fraction of 0.14 to 0.16. Saltwell
pumping began July 30, 2000, and about 9 kgal of liquid has been pumped as of December 2000.
Pumping has been delayed by repeated failures of a newly designed pump. The saltwell pumping
history for tank AX-101 is shown in Figure 4-7.
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The liquid level and ILL measurements for tank AX-101 are shown in Figure 4-8 and the neutron
logs in Figure 4-9, In tank AX-101, the recorded ILL is based on the gamma log rather than the
neutron log and corresponds to the base of the floating layer. The neutron ILL represents the top
of the floating layer as in tank A-101. However, only one neutron log has been recorded since
July 1998, so the gamma ILL are the only data available to track recent events. Both the waste
surface level and ILL have been lowered by saltwell pumping, but the 8- to 12-inch drop
recorded is more than three times the calculated 3 inches of liquid removed. Since this tank has
two arrays of seven and fourteen airlift circulators at 1/3 and 2/3 of the tank radius, respectively,
it is likely that waste adhering to these structures reduces the effective area of the waste and
amplifies the response to pumping. The sudden drop in level after 200 hours of pumping in
Figure 4-8 may be the result of a sudden failure of waste attachment to a nearby airlift circulator.

The density measured from core samples obtained prior to saltwell pumping is shown in

Figure 4-10 along with the pre-pumping neutron profile. Most of the data are compromised by
contamination with hydrostatic head fluid. Also, the two cores {(Risers 9D and 9G, see

Figure 2-5) were taken from very near the tank wall, and the waste there may not represent the
bulk of the tank. Nevertheless, ignoring the densities above 1.8 g/mL in the liquid from

Riser 9D, the floating layer and liquid layer average densities are roughly the same as measured
in tank A-101 where central risers were sampled.
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The tank AX-101 temperature history, shown in Figure 4-11, is also similar to that of tank
A-101. The smoother curves after mid-1998 are the result of connecting thermocouples to the
TMACS system. Thermocouples above 270 inches also ceased being read at that time, however.
The peak waste temperature was decreasing at about 2 °F per year prior to pumping, about twice
as fast as in tank A-101. The liquid temperature was a uniform 126 °F, and the floating layer
temperature ranges from 125 to 95 °F with an average of about 113 °F. The temperatures exhibit
an annual cycle of about 10 °F amplitude near the upper surface and a barely noticeable one at
198 inches, 70 inches below the surface.

It is probable that the sudden temperature spike during saltwell pumping at the 246-inch
thermocouple was a “splash” of hot liquid resulting from a sudden release of waste locally
attached to the airlift circulators. Saltwell pumping began July 30, 2000, and ended August 11,
2000. The temperature spike occurred between August 4 and August 15, 2000. The ENRAF™
level did not change until August 9 when it suddenly fell 6 inches. The gamma ILL fell 3 inches
between July 30 and August 3 and another 3 inches between August 9 throughil3.
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Figure 4-11. Tank 241-AX-101 Waste Temperature History
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4.1.3 Tank 241-AX-103 Waste Configuration

Tank AX-103 contains only 38 inches of saltcake waste classified as complex concentrate.
Although this waste contains a relatively high concentration of organics, the small waste volume
would preclude it from being added to the Watch List, if evaluated today. The waste level and
temperature history are given in Figures 4-12 and 4-13, respectively. Aside from a very gradual
level decrease (4 inches in nine years) that could be attributed to evaporation, the waste condition
has been quite stable. Neutron logs are available for this tank. '

4.1.4 Tank 241-S-102 Waste Configuration

The 169 inches of waste in tank S-102 is classed as DSSF, like tanks A-101 and AX-101.
However, unlike these tanks, it also contains a significant amount of sludge in the lower

75 inches. This is evidenced by a higher concentration of metal oxides and aluminum and lower
concentration of sodium salts. Saltwell pumping began in tank S-102 March 18, 1999, and was
halted June 4, 2000, removing a cumulative volume of 68 kgal of liquid out of an estimated
drainable volume of 99 kgal. Pumping has been delayed by mechanical problems. The saltwell
pumping history is illustrated in Figure 4-14. Prior to saltwell pumping, tank S-102 contained a
very large volume of retained gas. The average gas volume fraction measured by the RGS was
0.26, but the BPE method and neutron log indicate less than half that value at 0.11 and 0.06,
respectively.

The waste level and neutron ILL and the neutron logs for tank S-102 are provided in Figure 4-15
and Figure 4-16, respectively. The waste level and ILL correspond quite closely, including the
saltwell-pumping period. Both were rising at a rate of about 0.5 inches per year prior to
pumping, which indicates gradual gas accumulation. The waste level and ILL have dropped

36 inches since saltwell pumping began, a somewhat greater drop than the equivalent of

25 inches of liquid removed, indicating a non-uniform distribution of liquid. The equal drops of
the ILL and ENRAF™ level indicate that the liquid being removed is behaving more like
supernatant than interstitial liquid, although tank S-102 had no identifiable supernatant layer.

The lack of change in the neutron logs below 150 inches also indicates that only non-interstitial
liquid has been removed so far. In fact, it appears that free liquid is accumulating near the
current waste surface. Both show there is a significant volume of liquid left to be pumped. The
decrease in neutron count below 50 inches can be attributed to retained gas, although the RGS
recorded much larger gas fractions in tank S-102 at higher elevations. However, the LOW is
much nearer the tank center than the RGS, therefore, significant differences could be expected.
The presence of sludge would not be expected to cause the observed large drop in neutron count
below 40 inches.
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Figure 4-16. Tank 241-S-102 Neutron Logs

The waste densities, estimated yield stress from waste samples prior to pumping, and the 1997
neutron profile are plotted in Figure 4-17. The plots show a general trend of increasing density
and strength with depth with relatively uniform values below about 150 inches. This is
consistent with a higher liquid fraction near the top of the waste column. The average waste
temperature near 100 °F is a good match for the hot cell temperature and solids precipitation,
prior to extrusion would not be significant.

The waste temperature history is shown in Figure 4-18. The thermocouple at 294 inches is in the
headspace. Unfortunately, there are no thermocouples between 102 and 294 inches. The ILL is
plotted with the temperatures to indicate the progress of saltwell pumping. Prior to pumping, the
waste temperatures were decreasing at about 1 °F per year. Saltwell pumping has accelerated the
rate of decrease to approximately 3 °F per year with no significant changes in the temperature
distribution. No significant seasonal temperature variation is visible on the available
thermocouples in the waste.
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Figure 4-18. Tank 241-S-102 Waste Temperature History

4.1.5 Tank 241-S-111 Waste Configuration

The waste in tank S-111 is a mixture of saltcake and sludge classified as noncomplexed. The
waste level is currently 204 inches of which 12 to 60 inches is supernatant as deduced from core
samples and the neutron log. The sludge fraction occupies the lower 30 inches of waste. The
average gas volume fractions from the RGS, BPE method, and neutron log range from 0.15 to
0.08. The RGS data show the gas fraction increasing almost linearly from zero in the supernatant
at the top to almost 0.25 at the tank bottom. Saltwell pumping has not yet begun in tank S-111.

Figure 4-19 shows that both the waste level and ILL have remained essentially constant over the
last ten years, rising at most about one inch during that period. The neutron log shown in

Figure 4-20 has more variation than that of tank S-102 and may indicate sludge-saltcake layering,
retained gas, or both. The generally high neutron counts indicate a high liquid fraction
throughout.

The density profile and temperature histories are given in Figures 4-21 and 4-22, respectively.
The density increases with depth in the same trend as the gas fraction. The density of the
supernatant is typical of that associated with concentrated saltcake. The temperature history
shows a discernable annual cycle all the way to the bottom. The lower half of the waste has an
average temperature of about 87 °F while the top half averages about 80 °F. The average
temperature in the bottom 54 inches is decreasing at slightly less than 1 °F per year while the
temperature of the rest of waste is constant.
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Figure 4-22. Tank 241-S-111 Waste Temperature History
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4,1.6 Tank 241-S-112 Waste Configuration

Tank S-112 contains 189 inches of saltcake that is classified as noncomplexed, like tank S-111.
However, tank S-112 has considerably less liquid. The tank was saltwell pumped in 1978, which
removed 150 kgal of liquid. A mosaic of still photographs constructed in 1988 shows a large,
steep-sided irregular cavity in the central region of the tank. The current data are consistent with
this 12-year old photograph.

The ILL is about 123 inches, 66 inches below the ENRAF™ waste level, as shown in

Figure 4-23. The waste level has remained constant except for'+ 10-inch fluctuations in 1996
and early 1997, apparently involved with installation and initial operation of the ENRAF™ level
gauge, that brought the level to its current steady value after a last abrupt drop. The ILL has been
rising linearly at a rate of slightly less than one inch per year. This indicates a gradual gas
accumulation in pore-filling bubbles.

The neutron log shown in Figure 4-24 clearly shows a very “dry” region from the waste level
down to the ILL where the liquid content increases abruptly to approximately full saturation. The
evolution of the neutron logs also shows a definite liquid accumulation at 110 to 130 inches. The
decrease in neutron count between 90 and 110 inches suggests gas accumulation in this region.

A rough estimate of the average gas fraction based on the neutron log is 0.10 to 0.15 in the lower
120 inches.

The tank S-112 waste temperature history, given in Figure 4-25, is similar to that of tank S-111
with a discernable annual cycle, except at the very bottom. The average temperature of the
lower, “wet” portion of the waste is about 83 °F while that of the “dry” portion is approximately
78 °F.

4.1.7 Tank 241-§X-101 Waste Configuration

Tank SX-101 contains about 450 kgal of saltcake classified as dilute complexed waste. The ILL,
measured by the neutron probe in Riser 14 at about the 28-ft radius, is about one inch higher than
the waste level measured at Riser 4 at the 15-ft radius. A rough estimate from the neutron log
places the average retained gas volume fraction in tank SX-101 at 0.05. Saltwell pumping began
November 20, 2000, and is not reflected in the data presented in this section.

The level history and neutron logs are provided in Figures 4-26 and 4-27, respectively. The ILL
is a good indication of the waste surface near the 30-foot radius and has been declining steadily
since 1990, probably by evaporation due to the relatively high waste temperature. The abrupt,
5-inch rise in August 2000 was the result of water added during installation of the saltwell
screen. Pumping, which began November 20, 2000, is not shown on the plot.
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Figure 4-26. Tank 241-SX-101 Waste Level and Interstitial Liquid Level History
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Figure 4-27, Tank 241-SX-101 Neutron Logs

The density profile and 1997 neutron log are plotted in Figure 4-28. The relatively low densities
from the core in Riser 19 indicate a high liquid content that is inconsistent with the relatively low
and uniform neutron count, especially since Riser 19 is near the tank wall at about the

31-ft radius. The density of samples from Riser 4, in the central region of the tank at about the
15-ft radius matches the expected value. The temperature history in Figure 4-29 shows almost
constant temperatures with a barely perceptible annual cycle of 1 to 2 °F with waste temperatures
ranging from 130 °F down to 115 °F at 116 inches. There are no thermocouples in the upper

50 inches of waste.

4.1.8 Tank 241-SX-102 Waste Configuration

Tank SX-102 contains saltcake concentrated sufficiently to classify as DSSF. The waste level,
measured in Riser 4 at the 15-ft radius, is currently 192 inches while the ILL, measured in
Riser 14, near the 30-ft radius, is one inch higher. The tank has not yet been pumped. The gas
volume fraction estimated from the neutron log is approximately 0.07, somewhat higher than
tank SX-101.
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The level history in Figure 4-30 shows that the ILL has decreased steadily since 1990 at the rate
of 1/2 inch per year, probably from evaporation due to the relatively high waste temperature. The
rate appears to have flattened almost entirely since 1998. The level measurement began
following the ILL in 1995, and has remained 1 to 3 inches below the ILL since then. Since the
LOW and ENRAF™ are at different radii, this may be more of an indication of a dished surface
than of supernatant.

The neutron logs given in Figure 4-31 show a relatively high moisture content but probably not a
supernatant layer. Surface photos from 1988 show an apparently dry surface around the LOW at
that time. The density profile and the 1997 neutron log are plotted in Figure 4-32. The density
increases with depth from 1.5 to 1.6 g/mL near the top to about 1.8 g/ml. near the bottom.

The temperature history shown in Figure 4-33 is uninteresting. The waste temperatures in the
lower 89 inches are decreasing at about 1 °F per year. The 89- and 113-inch thermocouples
indicate a barely discernible annual cycle. There are no thermocouples in the upper 80 inches of
the waste.
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Figure 4-30. Tank 241-SX-102 Waste Level and Interstitial Liquid Level History
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4.1.9 Tank 241-SX-103 Waste Configuration

The waste in tank SX-103 contains both saltcake and sludge. It is classified as noncomplexed,
which implies a relatively low concentration of organic components. Saltwell pumping was
initiated October 26, 2000, and 39 kgal out of an estimated total of 132 kgal of liquid have been
removed to date. The first month's saltwell pumping history in tank SX-103 is shown in

Figure 4-34.

The level history is shown in Figure 4-35. Since 1990, the ILL has declined at about 1/2 inch per
year and the surface level at close to 1 inch per year. The differing rates may be the result of the
LOW being much closer to tank wall than the ENRAF™ (see Figure 2-12). The waste level is
currently at 219 inches and dropping with continued pumping. At this early stage of pumping,
the waste level has dropped 15 inches, which is a good match for the 14-inch equivalent depth of
liquid removed. The ILL has only dropped 8 inches due to pumping, apparently because it is
further from the saltwell screen and drainage from this area has been slow.

The tank SX-103 neutron log is shown in Figure 4-36. Prior to pumping, the high neutron count
near the waste surface indicates a layer of supernatant on the order of 12 inches thick. Core
samples indicated a much thicker liquid layer nearer the tank center. Riser 11 core samples from
between 50 and 125 inches indicate a very low water content at about the same radius as the
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LOW. Riser 8 samples show a more normal liquid fraction. There is probably an intermediate
layer of liquid between 125 and 140 inches above the dry layer.
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Figure 4-36. Tank 241-SX-103 Neutron Logs

The density profiles for the two risers core sampled in 1998 are given in Figure 4-37 along with
the 1997 neutron log. The core from Riser 7 shows a probable layer of supernatant that is at least
70 inches and up to 120 inches deep. A 70-inch layer of supernatant is implied at Riser 11,
which is farther from the tank center. The very high densities between 100 and 150 inches in
Riser 11 may be indicative of the conditions responsible for the very low neutron counts near the
tank wall at the LOW.

Tank SX-103 temperature history is shown in Figure 4-38. Tank SX-103 is one of the warmer
tanks with waste temperatures at a relatively uniform at 155 to 157 °F up to 52 inches decreasing
to about 142 °F at 100 inches. The 367-inch thermocouple is in the tank headspace. The
temperatures are decreasing at about 2 °F per year. No annual cycle is visible in the waste at

100 inches and below.

4.1.10 Tank 241-SX-104 Waste Configuration

Tank SX-104 contains concentrated saltcake with some sludge that is classified as DSSF.
Saltwell pumping began July 23, 1998, and was terminated one-year later on July 25, 1999,
because of equipment failure. The saltwell pumping history in tank $X-104 is summarized in
Figure 4-39. When pumping ceased, 125 kgal, or 86%, of liquid out of an estimated total
drainable volume of 144 kgal had been removed. The retained gas volume fraction based on the
neutron logs is only 0.08. The BPE result prior to pumping indicated an immeasurably small
retained gas volume.
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Figure 4-38. Tank 241-SX-103 Waste Temperature History
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Figure 4-39. Tank 241-SX-104 Saltwell Pumping History

The waste levels and neutron logs for tank SX-104 are shown in Figures 4-40 and 4-41,
 respectively. Prior to pumping, both remained essentially constant. During pumping the surface
level closely followed the pumped level (see Figure 4-39) indicating the liquid was behaving as
supernatant throughout the campaign. The ILL dropped to 73 inches during pumping but
recovered 22 inches to its current level after about six months as some of the liquid in the
unsaturated layer above slowly drained. During the same period, the surface level gradually
subsided an additional 3 inches. The neutron logs show that most of the liquid was removed
from the upper 130 inches or 60% of the waste column. However, the region below about 80
inches has not changed significantly. '

The waste temperature history given in Figure 4-42 shows a 15 °F drop in temperature below
100 inches during pumping, but the difference between temperatures in this layer did not change.
The ILL indicates all four of the bottom thermocouples are still in waste that is saturated.
However, the difference between the 76-inch and 100-inch thermocouple temperatures, the latter
being above the ILL, increased from 7 °F to 16 °F in the last months of pumping. The waste
temperatures in the saturated layer range from 120 to 140 °F.,

4-32



Elevation {inches)
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Figure 4-41. Tank 241-SX-104 Neutron Logs
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Figure 4-42. Tank 241-SX-104 Waste Temperature History

4.1.11 Tank 241-SX-105 Waste Configuration

Tank SX-105 contains saltcake concentrated to DSSF. Saltwell pumping began August 8, 2000,
and 132 kgal of the estimated 141 kgal of pumpable liquid have been removed. Saltwell
pumping progress is summarized in Figure 4-43. The pumping rate remained between 1 and

2 gpm for the first 54 days of pumping time as the free liquid was removed. The pumping rate in
the last 500 hours has been on the order of 1/2 gpm, more typical of draining interstitial liquid.
The relatively high current drainage rate suggests there may be more drainable liquid than
originally estimated. The average retained gas volume fraction prior to pumping was estimated
at roughly 0.06 based on the neutron log.

The waste level history in Figure 4-44 shows a large and abrupt drop at the beginning of saltwell

pumping. The level drop as of November 2000 was 84 inches, which is almost twice the 48-inch
equivalent depth of liquid removed from the full tank area (see Figure 4-43). This indicates that

the liquid removal is not uniform across the tank. The ILL provides little additional information

on pumping since the last available log was August 15, only a week after pumping started. Both

level and ILL had been declining gradually prior to pumping at a rate of approximately one-inch

per year, probably from evaporation. The neutron logs shown in Figure 4-45 indicate a very wet

and relatively uniform waste column.
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The density profile from September 1998 core samples in tank SX-105 is given in Figure 4-46.
Riser 6 is at the 10-ft radius and Riser 14 at 30 ft, less than 10 ft from the tank wall. The
densities between about 140 inches and the waste surface average 1.5 g/mL, which is consistent
with supernatant liquid. The densities between about 60 and 130 inches are also relatively
uniform with lower values nearer the tank center in Riser 6. However, the densities from both
risers indicate a relatively high liquid content consistent with the generally high neutron counts in
Figure 4-45.

Figure 4-47 presents the tank SX-105 temperature history. Tank SX-105 is the warmest of the
Watch List SSTs with a peak temperature currently at 162 °F. Only three thermocoupies have
been operable in the waste since late 1998 covering the region between 27 and 76 inches. The
367-inch thermocouple is in the tank headspace. The three waste temperatures show a steady,
gradual decrease at almost 3 °F per year with no seasonal variation until late June 2000. The

52- and 76-inch thermocouples began dropping at an accelerated rate on June 22, and the 27-inch
thermocouple suddenly increased about 4 °F on June 30.

The waste temperature changes that pre-date saltwell pumping by over a month are attributed to
the disturbance of installing the saltwell screen. In tank SX-105 this process was reported to use
1,300 gal of water. Saltwell pumping had the additional effect of further accelerating the waste
temperature decrease. The headspace temperature (367-inch thermocouple) rose 6 °F during the
first week of saltwell pumping. This might be the result of some hotter waste appearing at the
surface or around the periphery; a tank wall area is exposed by the descending waste level.
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Figure 4-43. Tank 241-SX-105 Saltwell Pumping History
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Figure 4-47. Tank 241-SX-105 Waste Temperature History
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4.1.12 Tank 241-SX-106 Waste Configuration

Tank $X-106 contains about 400 kgal of saltcake classified as noncomplexed. Saltwell pumping
was performed on this tank between October 7, 1998, and December 21, 1999. The saltwell
pumping history shown in Figure 4-48 exhibits the “classic” pattern of a relatively high and
constant rate during supernatant removal followed by an exponential decline in rate as interstitial
liquid drains from a decreasing head. Pumping removed 160 kgal or about 60% of the estimated
drainable liquid inventory. The gas volume fraction measured with the RGS in December 1997
averaged 0.18. The gas fraction estimated from the BPE method and neutron logs was 0.11 and
0.13, respectively.

An interesting picture of the waste configuration and location of the retained gas in tank SX-106
is revealed by comparing the waste level history in Figure 4-49 to the neutron logs in

Figure 4-50. First, comparing the post-pumping waste level of about 102 inches to the 160-inch
waste surface level indicated by the 2000 neutron log gives evidence of a very pronounced dish
on the waste surface. The LOW is about 30 ft from the tank center and the ENRAF™ is at about
15 ft (see Figure 2-15). This dished configuration is consistent with the much larger 94-inch
drop in waste level compared to the equivalent depth of liquid pumped of 58 inches (see

Figure 4-48). Most of the pre-pumping retained gas at the 30-ft radius of the LOW is likely
associated with the low neutron count from about 75 to 125 inches. The RGS measured gas
volume fractions exceeding 0.3 from 28 to 85 inches from two cores at the 10-ft radius. The
1999 and 2000 neutron logs show that some of this gas may still exist from about 120 to

140 inches at the 30-ft radius of the LOW.
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Figure 4-48. Tank 241-5X-106 Saltwell Pumping History
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Figure 4-50. Tank 241-SX-106 Neutron Logs
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The density profile measured from December 1997 core samples taken from the 10-ft radius in
tank SX-106 is shown in Figure 4-51. The segments from 110 inches up the waste surface
contained supernatant liquid with a density averaging about 1.45 g/mL. The pre-pumping
neutron logs show a high count consistent with supernatant above about 130 inches at the 30-ft
radius.

The temperature history in tank SX-106 is given in Figure 4-52. This is by far the coolest Watch
List tank in the SX-Farm with a current peak waste temperature of only 98 °F. Prior to pumping,
the waste was cooling steadily at about 1.5 °F per year with no annual cycling in the lower

100 inches of waste. There are no thermocouples in the waste above 100 inches. Saltwell
pumping in this tank had a gradual but definite effect on the temperatures. All thermocouples
down to the 4-inch level show an annual cycle and the temperature differences between
thermocouples are relatively even, spanning about 10 °F. The amplitude of the annual cycle in
the headspace temperature (367-inch thermocouple) increased markedly after pumping from
about 6 °F to almost 20 °F after a large fraction of the waste's thermal inertia was removed.
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Figure 4-51. Tank 241-SX-106 Density Profile
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Figure 4-52. Tank 241-SX-106 Waste Temperature History

4.1.13 Tank 241-SX-109 Waste Configuration

Tank SX-109 contains both saltcake and sludge classified as noncomplexed waste, like tank
S§X-106. The tank has not been saltwell pumped, and no estimate of retained gas fraction has
been made. In view of the shallow waste depth, this tank would not be on the Flammable Gas
Watch List except that six other SX-Farm tanks on the Watch List vent through it.

Only waste level and temperature histories are available for tank SX-109. The level history is
shown in Figure 4-53 and the temperatures in Figure 4-54. The waste level has remained
essentially constant at about 95 inches since 1992. The waste temperature everywhere in the
waste has been decreasing at about 3 °F per year with a nearly uniform annual cycle throughout
of about 3 °F amplitude. The common annual cycle at all depths indicates that the waste has a
relatively low thermal inertia and may, therefore, have a relatively low liquid content. The waste
temperature currently ranges from 132 to 114 °F near the peak of the annual cycle.
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Figure 4-53. Tank 241-SX-109 Waste Level History
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Figure 4-54. Tank 241-SX-109 Waste Temperature History
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4.1.14 Tank 241-T-110 Waste Configuration

Tank T-110 is the only tank on the Flammable Gas Watch List that contains mostly sludge rather
than saltcake. The waste is classed as noncomplexed implying that it contains a relatively low
concentration of organics. Saltwell pumping began in tank T-110 in March 1997 but was
suspended between August 31, 1997, and July 2, 1998. When pumping ceased August 12, 1999,
34 kgal, or about 80%, of the estimated 41 kgal of remaining drainable liquid had been removed.
Pumping proceeded at an essentially constant low rate typical of sludge as shown in Figure 4-55.
Pumping was terminated early because of equipment failure. Both the BPE and the neutron log
indicate essentially zero gas retention.

The level history and neutron logs for tank T-110 are shown in Figures 4-56 and 4-57,
respectively. Unfortunately, all the available risers in this tank are near the tank wall. The LOW
and level gauges are on opposite sides of the tank at the 30-ft radius. An ENRAF™ level gauge
was installed in June 1995, and the sudden 12-inch jump in early 1996 is attributed to correcting
the gauge reference to the tank bottom center from the sidewall bottom. After this correction, the
surface level was about two inches below the ILL. Since surface photos from 1984 show a
“muddy” surface with cracks, this 2-inch difference indicates the surface profile, not supernatant.

Both the surface level and ILL began descending in May 1997 with the initial saltwell pumping
campaign. The surface level eventually dropped 5 inches and the ILL dropped 8 inches during
this period. Beginning in July 1998, resumption of saltwell pumping reduced both levels an
additional 5 inches. The waste subsided an additional 2 inches after pumping ended. The
neutron logs® show no discernable effect of saltwell pumping below the surface as is typical of a
sludge tank. The change in neutron profile from 1996 to 2000 is apparently subsidence resulting
from liquid removal.

The density profile and temperature history are given in Figures 4-58 and 4-59, respectively.
Neither shows any apparent effect of saltwell pumping below the waste level. Tank T-110 waste
has a very low density and is the coldest of the SSTs on the Flammable Gas Watch List.

4.1.15 Tank 241-U-103 Waste Configuration

The waste in tank U-103, like all but one of the U-Farm Watch List tanks, is saltcake classified
as noncomplexed. Saltwell pumping was performed in tank U-103 from September 26, 1999, to
May 11, 2000. Pumping removed 108 kgal, 9 kgal more than the initially estimated 99 kgal of
drainable liquid. The saltwell pumping history for tank U-103 is given in Figure 4-60. The
pumping behavior shows the classic exponential decline in pumping rate after a short period of
high-rate supernatant drainage. The average retained gas volume fraction measured with the

® The 1996 neutron count was normalized to overlay the 1997-2000 profiles below 100 inches.
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Figure 4-56. Tank 241-T-110 Waste Level and Interstitial Liquid Level History
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RGS in 1997 was 0.19. The BPE and neutron log estimates are 0.13 and 0.15, respectively. A
gas fraction over 0.4 was found with the RGS at 125 inches in Riser 7, which is at the 30-ft
radius. The 1997 and 1998 neutron logs indicate that most of the gas is below 100 inches,
however.

The level history and neutron logs for tank U-103 are shown in Figures 4-61 and 4-62,
respectively. The waste level and ILL remained essentially constant from 1990 until the start of
pumping. Removal of liquid dropped the surface level 17 inches from 180 to 163 inches, about
half of the 39-inch equivalent depth of liquid removed (see Figure 4-60), probably a result of the
ENRAF™ being near the tank wall. The ILL is reported to have dropped 118 inches during
pumping. However, inspection of the 2000 neutron log indicates that this choice of [LL is quite
subjective. The neutron log clearly shows most of the liquid was removed from above the
100-inch level. The neutron profile below 90 inches is essentially unchanged.

The density and yield stress profiles from the 1996 core samples and the 1997, neutron log are
given in Figure 4-63. The density was approximately uniform at about 1.76 g/mL below about
150 inches. The lower densities above this level are consistent with a high liquid fraction. The
yield stress increases with depth to about 100 inches where it becomes relatively uniform at
around 1,000 Pa. The high strength coincides with the low neutron count (drier waste} below
100 inches. One sample at 48 inches had a very low strength and density indicative of an almost-
liquid layer.

Risers 2 and 7 are near the periphery at about 30-ft radius while Riser 13 contains the saltwell in
the center of the tank (see Figure 2-18). The close correspondence of the density and yield stress
from these locations indicates that the waste in tank U-103 was relatively uniform laterally before
pumping. The measured waste level, waste upper surface indicated by the neutron log, and the
top of the three core samples were similar in elevation indicating a relatively flat waste surface.

All of the U-Farm tanks are quite cool, and tank U-103 is no exception. The temperature history
in Figure 4-64 is qualitatively similar to that of tank T-110, where the annual temperature cycle
brackets the more constant temperature in the lower part of the waste. Also, like tank T-110,
saltwell pumping had little effect on the temperature pattern in the waste. The temperatures in
tank U-103 prior to pumping were essentially constant about an annual variation of 2 to 3 °Fin
the range of 84 to 86 °F below 117 inches. The thermocouple at 165 inches showed a seasonal
cycle amplitude of about 8 °F in close phase with the headspace variation represented by the
261-inch thermocouple.

4.1.16 Tank 241-U-105 Waste Configuration

Tank U-105 contains noncomplexed saltcake, like tank U-103. Also, like tank U-103, this tank
has been saltwell pumped. Pumping from December 11, 1999, to May 11, 2000, removed

91 kgal, 11 kgal more than the initial estimate of drainable liquid. The saltwell pumping history,
shown in Figure 4-65, is also similar to that of tank U-103, except that the waste level follows
the pumped level more closely. Prior to pumping, the average retained gas volume fraction was
estimated to range from 0.09 to 0.15 based on the BPE method and the neutron log, respectively.
At the 30-ft radius of the LOW, the gas was apparently held from 80 to 130 inches.
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The level history in Figure 4-66 shows the waste level and ILL rising very gradually at a constant
rate of about 1/3-inch per year. Saltwell pumping abruptly dropped the waste level in the first
two months of 2000 as supernatant was removed. Draining of interstitial liquid caused the ILL to
continue dropping over the next three months until the end of pumping in May. Pumping
reduced the waste level below Riser 8, over 30 ft from the tank center, by 25 inches to its current
138 inches compared to 33 inches equivalent depth of liquid pumped. The ILL measured in
Riser 19, also at the 30-ft radius, fell by 72 inches to 93 inches. The neutron logs in Figure 4-67
indicate that the waste surface around the LOW subsided by about 20 inches. The neutron
profile below the current ILL did not change significantly.

Figure 4-68 presents the density profile from 1996 core samples. Risers 2 and 7 are at the

30-ft radius while Riser 20 is nearer the center at about the 18-ft radius (see Figure 2-19). The
densities measured from each of these cores correspond quite closely indicating the waste
properties are relatively uniform laterally. The density increases with depth from about 1.6 g/mL
near the top to just over 1.8 g/mL at the tank bottom. The average density is about 1.7 g/mL.

The waste temperature history, shown in Figure 4-69, shows almost exactly the same behavior,
and nearly the same temperatures, as in tank U-103. Apparently, there was some exposure of
warmer liquid in the early stages of saltwell pumping that caused a spike in the upper three
thermocouples. After recovering from this spike, the temperature at the 165-inch thermocouple
matches that of the headspace on the 261-inch thermocouple. The average temperature of the
waste below 117 inches is 86 to 88 °F with a 2 to 4 °F annual swing.
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Figure 4-66. Tank 241-U-105 Waste Level and Interstitial Liquid Level History
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Figure 4-69. Tank 241-U-105 Waste Temperature History
4.1.17 Tank 241-U-107 Waste Configuration

Tank U-107 contains saltcake, and it is the only U-Farm Watch List with waste concentrated to
classify as DSSF. The current waste level is 156 inches, which may include on the order of

24 inches of supernatant. Tank U-107 has not yet been saltwell pumped. The BPE method and
the neutron log estimate the retained gas volume fraction at 0.08 to 0.11, respectively.

The waste level in tank U-107, which corresponds to the ILL, has been rising at a rate of about
0.1 inch per year, as shown in Figure 4-70. The sudden, 12-inch jump in surface level is assumed
to be a change in reference from the sidewall bottom to center bottom. Photographs taken in
1988 show the entire surface to be covered with liquid with numerous small clumps of apparently
floating material.

The neutron logs given in Figure 4-71 show a high count above about 130 inches that is
consistent with supernatant or very high liquid fraction. Below the supernatant, from 100 to

130 inches, is a region of low count, which may indicate retained gas. The neutron profiles of all
of U-Farm Watch List tanks were simtlar prior to pumping. Figure 4-72 compares the 1997 logs
by shifting the profile for each tank by 500 count units on the abscissa. Except for tank U-103,
each tank has a prominent high-count layer on top of a region with a lower count. The U-tanks
have also responded similarly to saltwell pumping. The 2000 neutron logs for tanks U-103,
U-105, and U-109 are compared in Figure 4-73 with each profile shifted by 500 count units, as in
the prior figure. The overall shape of the profile is approximately preserved with a more highly
saturated layer above a less saturated one. The lower 60 to 80 inches are essentially unchanged.
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Figure 4-70. Tank 241-U-107 Waste Level and Interstitial Liquid Level History
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The density and yield stress profiles developed from 1996 and 1998 core samples are shown in
Figure 4-74. The densities from the three different risers are quite consistent. All three risers are
at 27- to 30-ft radii and are separated by approximately 90 degrees around the tank (see

Figure 2-20). The low density of ~1.45 g/mL above 100 inches indicates a high water content in
this layer. Below about 100 inches, the density appears to increase with depth from ~1.6 g/mL to
~1.8 g/mL. The yield stress behaves similarly.

The upper wet layer has a very low, but non-zero, strength of 30 to 50 Pa, including the two
high-density samples seen in Figure 4-74. The yield stress generally increases with depth,
although with considerable scatter, from ~100 Pa to 400 to 600 Pa below 80 inches. Tank U-107
waste is significantly weaker than that of tank U-103 prior to pumping. It must be emphasized
again that all these samples are from near the periphery of the tank and do not provide
information about the central region.

The temperature profile for tank U-107 is shown in Figure 4-75. Tank U-107 is the second
coolest Watch List SST with a peak temperature of only 78 °F. However, since the
thermocouple tree is out at about the 32-ft radius, the central temperatures could be somewhat
higher. During the annual cycle, the headspace temperature actually exceeds the temperature at
the 22-inch thermocouple. Within the annual cycle of 2 to 5 °F, the waste temperature up to
118 inches is fairly uniform varying between 73 and 78 °F.

4.1.18 Tank 241-U-108 Waste Configuration

The waste in tank U-108 is similar to that of tank U-105 being noncomplexed saltcake, The
waste conditions in tank U-108 also match those in tank U-105 prior to pumping. Tank U-108
has not been saltwell pumped. The retained gas volume fraction is estimated at 0.12 by the BPE
method and 0.19 from the neutron log.

The waste level history, neutron logs, density profile and waste temperature history are given in
Figures 4-76, 4-77, 4-78, and 4-79, respectively. The tank has a waste level of 179 inches of
which roughly 18 inches may be supernatant. The waste level and ILL have been essentially
constant since 1990, except for the level reference adjustment in early 1996. The shape of the
neutron logs has been discussed in conjunction with tank U-107 in Section 4.1.17. The densities
- are relatively uniform within the variability of the data from the three risers, which are all at
about the same radius.

The temperature history is similar to that of tank U-105 prior to pumping with a slight decreasing
trend exhibited by the thermocouples below 69 inches. The waste temperature in the lower half
of the tank ranges from 82 to 87 °F with an annual cycle of 2 to 4 °F. The temperature spikes in
early January 2000 are attributed to failure of a cooling fan in the instrument cabinet that contains
the thermocouple reference junctions. Tanks U-108 and U-109 share the same cabinet, and a
similar disturbance occurs at the same time in the tank U-109 temperature history (see

Figure 4-84).
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Figure 4-74. Tank 241-U-107 Strength and Density Profile
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Figure 4-76. Tank 241-U-108 Waste Level and Interstitial Liquid Level History
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Figure 4-78. Tank-241-U-108 Density Profile
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Figure 4-79. Tank 241-U-108 Waste Temperature History

4.1.19 Tank 241-U-109 Waste Configuration

Tank U-109 contains noncomplexed saltcake like most of the other U-Farm tanks. Saltwell
pumping began in tank U-109 March 30, 2000, and is still in progress. Pumping to-date has
removed 74 kgal (or 75%) of the projected 99 kgal of drainable liquid in the tank. The saltwell
pumping history is shown in Figure 4-80. The average retained gas volume fraction measured by
the RGS in 1998 core samples was 0.22, ranging from 0.2 at 140 inches to 0.3 at the bottom.

The average gas volume fraction is estimated at 0.08 by the BPE method and 0.12 from the
neutron log.

The waste level history and neutron logs are shown in Figures 4-81 and 4-82, respectively. The
waste level and ILL have been essentially constant for the 10 years prior to pumping, except for
the 12-inch waste level reference adjustment in early 1996. The waste level is still dropping with
continued pumping. The large drop in [LL may be somewhat misleading in that much of the
waste above the current ILL is still very wet, as indicated in Figure 4-82. Photographs taken in
1988 show much of the waste surface covered with supernatant. The level gauge at the 31-ft
radius and the LOW is at about 27 ft (see Figure 2-22). There are no measurements or core
samples from the central part of the tank.

4-60



RPP-7249 Rev. 0

150 ' e SN\
= = = Pumped Level .
- — Waste Level ]
120 F x : 170
g ; \\: - Pump Rate E :
[ T~ ' .
N n 1
5 O - ' M 160 &
o 0 . . =l i 2
§ : : H . : \1 v - 'I. ] E
o 60 [t g 1 ! 1150 2
Nt R I
& e h T g ) -
L8 g ¢ iy 1 .l -
(Y o LAY I I ’ ] 4
30 U 1 £ " 140
B 1% 4 N - i
o L AT 4 v oy
[ ' "‘.4"- Yy, v nly o 1
0 : N s ‘\-' . 'I‘.k,éq""" ." ‘|.' 130
0 1000 2000 3000 4000
Cumulative Time of Actual Pumping (hours)
Figure 4-80. Tank 241-U-109 Saltwell Pumping History
180 ~ T
I A
160 v
[ / 12" geferenge adj+tment ']
—_ - ENRAF([installgd 7/94 to tapk bottpm center S
% 140 T
S [ v T
£ [ P
g | m— -
5 [ eew--ILL Vo
@ 100 :
X L
V-
i v -
80 lﬁr
: )
60 -| Ll [ | bl L1 1l il ek Lol e Lk 1l i
1/1/90 1/1/92 12/31/93 12/31/95 12/30/97 12/30/99
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Figure 4-82. Tank 241-U-109 Neutron Logs

The yield stress and density profiles from the 1996 and 1998 cores in Figure 4-83 show a
relatively uniform density averaging about 1.7 g/mL from top to bottom. All of the cores were
taken from at least the 27-ft radius, and none represents the central part of the tank.

The temperature history, which is shown in Figure 4-84, is very similar to that of tanks U-105
and U-108, prior to pumping. Saltwell pumping has not had a significant effect on the
temperature profile. The waste temperature in the lower half of the tank ranges from 78 to 84 °F
with an annual cycle of 2 to 4 °F. The unexplained temperature spikes visible on all
thermocouples in the waste in January 2000 are very similar to those observed in tank U-108.

4.2 WASTE CONFIGURATION SUMMARY

The waste configurations in the 19 SSTs on the Flammable Gas Watch List vary widely and are
changing rapidly due to saltwell pumping. A snapshot of the evolving waste configuration in the
19 tanks is listed in Table 4-1. The table includes the current waste level and ILL (with the drop
in each due to pumping), supernatant depth prior to pumping, the initial estimated drainable
liquid volume (and volume of liquid pumped) and the current peak waste temperature. Table 4-2
summarizes the liquid and bulk solids density and yield stress range from core samples obtained
prior to pumping. Configurations include the deep, unique solid-over-liquid of tanks A-101 to
AX-101, the very shallow tank AX-103, the cold tank T-110, and the hot tank SX-105. After
saltwell pumping has been completed, the tanks will have had their waste level reduced from 1 ft
(T-Farm) to 15 ft (tank A-101).
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Figure 4-84. Tank 241-U-109 Waste Temperature History
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Table 4-1. Waste Configuration Summary as of December 2000

Waste Level ILL Supernatant | Est. Drainable Liq. Peak
Tank (in.) @ (in.)@ (in.) (kgal) ™ Temp(°F)
A-101 337 [5] 353 [7] 179 587 [18] 143
AX-101 266 [12] 264 9 (8] 138 ¢ 444 [9] 128
AX-103 38 - - - 108
$-102 169 [36] 169 [36] - 99 [68] 99
S-111 204 203 ~12 132 [0] 88
S-112 189 123 - 70 [0] 84
SX-101 166 167 ~6 99 [0] 130
SX-102 192 193 ~ 24 116 [0] 139
S§X-103 219[15] 227 [8] - 132 [39] 157
SX-104 168 [50] | 95[120]" _ 144 [125] 138
SX-105 155 [84] 135317 - 141 [132] 162
S$X-106 1041941 | 727[123]% - 283 [160] 98
SX-109 96 - - n/a 135
T-110 147 [12] 146 [15] - 41 [34] 63
U-103 163 [17] 60 [118] - 99 [108] 87
U-105 138 [26] 93 [72]™ - 80 [91] 88
U-107 156 156 ~ 24 115 [0] 78
U-108 179 178 ~ 18 124 [0] 86
U-109 159 [18] 79 [98] - 99 [72] 84
Notes:

(w) The number in brackets is the drop resulting from saltwell pumping to December 2000,

(b) The number in brackets is the volume of liquid removed by saltwell pumping.

(¢} The free Liquid in tanks A-101 and AX-101 is beneath the solids layer. “Supernatant™ inferred from

initial depth and volume of liguid pumped. Supernatant in other tanks inferred from neutron logs.

(d) Intank AX-101 the gamma log shows an [LL of 127 inches while the neatron log indicates 264 inches.
{e) The IL1.in tank SX-104 was only 73 inches immediately after pumping and recovered 22 inches w the
current 95-inch level in about six months.
i) The last available TLL reading for tank SX-105 was August 15, 2000.
{g) The ILL in tank SX-106 was 60 inches immediately after pumping and recovered 12 inches i about

cleven months.

(h) The [LL in tank U-105 was 88 inches immediately after pumping and has recovered 5 inches in the last
five months.

est. = estimated
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Table 4-2. Waste Densities and Yield Stress

Tank __ Density (kg/m*) Yield Stress
Liquid Bulk Solid (Pa) ®
A-101 1489 + 28 1678 + 51 200 - 700
AX-101 1561 +94 1683 + 50
AX-103 no sample
S-102 1359 + 70 1684 + 136 50 - 1000
S-111 1359 + 10 1648 + 112
S-112 no sample
SX-101 1500 + 49 1726 + 140
SX-102 1450 + 29 1737 £ 105
S$X-103 1478 + 21 1693 + 172
SX-104 1471 = 17 N/A
SX-105 1468 + 28 N/A
SX-106 1423 + 19 1686 + 57
SX-109 no sample
T-110 1064 + 28 1255 + 42
U-103 1422 + 78 1712 £ 97 20 - 1750
U-105 1462 + 34 1697 + 74
U-107 1422 + 123 1701 + 124 30 - 600
U-108 1399 £ 25 1720 £ 77
{ U-109 1474 + 70 1646 + 144

{a) Yield stress estimates are given only for tanks where the evaluation described in Section 2.4.1 was

performed.
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5.0 GAS GENERATION AND COMPOSITION

The gas generation rate is an important factor in gas retention and frequency of releases. Results
of laboratory experiments reveal the effects of changes in dose rate, chemical composition, and
temperature on the rates of generation of the various gas species. Based on these data and field
measurements, an empirical model for hydrogen generation has been developed that can be used
to estimate hydrogen generation rates for future waste states. This model has been used to assess
the effect of saltwell pumping on hydrogen generation.

The composition of the gas generated, stored, and released from the waste must be known to
determine whether the tank headspace can become flammable following a gas release. While gas
generation tests can provide insight on trends in composition, the data most representative of the
compositton of gas that is actually released are provided by in-situ measurements of the
composition of the gas retained in the waste. A comprehensive study of the thermal and
radiolytic reactions involved with gas generation by Stock (2000a) provides additional insights as
to the sources of the dominant gases. Steady-state headspace gas composition measurements also
provide some information, but are affected by transport processes and do not represent the bulk
of the stored gas.

This section summarizes the available gas composition measurements, as well as, gas generation
data. The theory of gas generation in the Hanford Site tank waste is summarized briefly in
Section 5.1. Section 5.2 discusses the results of laboratory gas generation tests on actual tank
waste samples, and the gas generation model and field gas generation data are described in
Section 5.3. Section 5.4 summarizes gas composition measurements obtained from RGS
samples and drill string gas samples, and Section 5.5 covers headspace gas composition
measurements. Section 5.6 summarizes the gas generation and composition issue.

5.1 GAS GENERATION THEORY

Based on several years of study of the Hanford Site tank waste characterization and gas
composition measurements, Stock (2000a) documented an exhaustive study of the chemistry of
flammable gas generation. This section briefly summarizes the conclusions of this work.

Radioactive wastes generate and retain hydrogen, nitrogen, nitrous oxide, ammonia, methane,
and other volatile organic compounds. Besides radiolysis of water, radiolytic and chemical
oxidation of the organic complexants, phosphate esters and hydrocarbons accelerate the rate of
formation of hydrogen. Nitrogen, nitrous oxide, ammonia, methane, and other gases are also
produced during oxidation of the organic compounds. The radiolytic and chemical reactions are
closely coupled, and the chemistry is complex.

Organic compounds are present in most waste tanks. The wastes contain remnants of the original

organic complexants, phosphate esters, and hydrocarbons. Small and large fragments of the
original complexants, homologous series of organic compounds derived from the normal paraffin
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hydrocarbons, and products of chemical reactions of the phosphate esters have also been
identified. The organic waste constituents are slowly oxidizing to common end products
including formate, acetate, and oxalate ions. The eventual reaction product is inorganic
carbonate ion.

Oxidation of organic compounds and gas formation are initiated by the radioactive decay
process, by thermal chemical reactions, and by other chemical reactions that do not involve free
radicals. The decay processes produce hydrogen atoms, hydroxyl radicals, nitric oxide, and
nitrogen dioxide. Similar radical reagents can also be obtamed by thermal reactions. The
radiolytic sequence is summarized as follows:

Radiolytic and thermal processes — H, OH, NO, NO»
Organic compounds + reactive free radicals — organic free radicals

Organic free radicals + NO and NO, — reactive organic intermediates

Other chemical processes that do not involve reactive free radicals occur in parallel to produce
reactive organic intermediates:

Organic compounds + ionic reagents — reactive organic intermediates

The reactive organic intermediates formed in these reactions are transformed into other
substances more rapidly than are the compounds from which they were formed. Much of the gas
generated in the waste is obtained in these later stages of the chemistry. As noted subsequently,
hydrogen is produced during the oxidation of formaldehyde to formate ion and nitrogen-
containing gases are by-products of other oxidation reactions,

Reactive organic intermediates — oxidized organic compounds + gases

The dominant products of the reactions of the complexants and phosphate esters have been
identified. For example, the principal degradation pathway for ethylenediaminetetraacetate
(EDTA) ion involves successive loss of two carbon fragments to produce oxalate or formate and
carbonate ions. Tributyl phosphate reacts in alkaline solution to produce butanol and
dibutylphosphate. A broad array of organic compounds including homologous series of alkanes,
alkenes, alcohols, aldehydes and ketones, and nitriles are formed from the original hydrocarbons.

The relative rates of depletion of the principal complexants and phosphate esters have been
determined. Among the four original complexants, hydroxyethylethylenediaminetriacetate
(HEDTA) ion and glycolate ion decompose more rapidly than EDTA or citrate ion. Tributyl
phosphate decomposes much more rapidly than bis(2-ethylhexyl)phosphate ion. Formate ion is
the most reactive compound among the common highly fragmented end products, such as,
acetate and oxalate ion. The hydrocarbons react much more slowly than the complexants or
tributy! phosphate.
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Chemical reactions between the waste constituents and of the reactive organic intermediates
produced during radiolytic reactions occur simultaneously. The original constituents having
hydroxyl groups undergo aluminate ion-catalyzed oxidation reactions. Aldehydes that are
formed during the radiolytic and thermal reactions are converted into carboxylate ions in
oxidation reactions catalyzed by hydroxide ion. The reactive nitroso and nitro compounds
formed during the reactions of the organic radicals with nitric oxide and nitrogen dioxide react
with water to give aldehydes and ketones. These reactions and other related processes have been
blended with the initial thermal and radiolytic reactions to provide a comprehensive chemical
reaction model that is consistent with the characterization results and laboratory investigations.

Gas formation is a direct consequence of the oxidation of organic molecules. Some hydrogen is
formed by hydrogen atom abstraction reactions, but the predominant sources of hydrogen are
hydroxide ion-catalyzed oxidation of the intermediate aldehydes, for example, during the
conversion of formaldehyde into formate ion. The reactions of the nitroso and nitro compounds
yield nitrosyl anion and hydroxylamine. These decompose to form nitrogen, nitrous oxide, and
ammonia. Ammonia is also formed by the hydrolysis of nitriles and amides that are formed by
the oxidation of the original complexants. Many volatile and some not-so-volatile organic
compounds are found in the tank headspaces and in the retained gas. The gases contain methane
and lesser amounts of other low molecular weight organic compounds such as propane
cyclopropane, propene, propanol, acetone, and nitropropane.

The gas generation rates from the radiolytic reactions have an exponential dependence on the
temperature, like the thermal reactions, because the gases are actually produced in chemical
reactions that follow the initial radiolytic reactions. This dependence has been observed in
laboratory gas generation tests on several wastes (see Section 5.2) and has been incorporated into
an empirical model to predict hydrogen generation rates (see Section 5.3).

5.2 LABORATORY GAS GENERATION TEST RESULTS

While the current in-situ gas composition in the waste has been measured, it is important to
understand how the gas compositions might change with temperature, dilution, or on mixing of
different wastes. The gas generation tests summarized in this section investigate the effect of
temperature and radiation dose on rates at which the main species generated.

Laboratory gas generation tests were performed by measuring the volume of gas produced in a
given time by a small waste sample in a small sealed vessel. These tests were particularly
challenging because the gas generation rates are very low under tank conditions and the time
required to obtain a measurable volume of gas is prohibitively long. To get around this problem,
gas generation rates were accelerated by increasing the temperature above 60 °C. Similarly,
self-irradiation dose rate in a small sample is much lower than in the tank; therefore, external
gamma sources were used to increase the radiolytic gas production sufficiently for it to be
measured with reasonable accuracy.
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The gas generation rates at elevated temperatures without external irradiation are extrapolated
back to tank conditions assuming the standard Arrhenius behavior,

where:

Qr is the thermal gas generation rate (mol/kg/day),

A is the pre-exponential constant (mol/kg/day),

E, is the activation energy (kJ/mol),

R is the gas constant (0.008314 kJ/mol-K), and

T is the temperature (K).

A and E, are determined fitting Equation 5-1 to the measured gas generation rates.

Similarly, comparing the gas generation rates at several temperatures with and without external
irradiation, assuming that radiolytic gas generation is independent of temperature, provides a
“G-value” from which the radiolytic contribution can be calculated as:

Qg = 2.488(10YGR (5-2)

where:

Qr is the radiolytic gas generation rate,
G is the “G-value” in molecules/100 eV and
R is the dose rate (R/hr).

Jr is determined by subtracting the thermal component calculated by Equation 5-1 from the
measured total generation rate with external irradiation.

Laboratory tests have been performed on wastes from the single-shell tanks A-101", S-102,
§-106, and U-103. Results of the tests on the latter three tanks are summarized in separate
subsections below.

5.2.1 Tank 241-S-102 Gas Generation Tests

The details of the procedures and results for high-dose and low-dose tests are given in King et al.
(1997) and King and Bryan (1999), respectively. The focus of the gas generation tests on tank
$-102 samples was on the effect of temperature and radiation dose on the composition and rate of
gas generation. Tests were performed first varying the temperature only. Generation rates of all
components increased but the fraction of hydrogen in the gas mixture decreased with
temperature, Arrhenius treatment of the rate data gave thermal activation energies, E,, for the

various gases: 91 x 7 kJ/mol for hydrogen, 79 + 11 kJ/mol for nitrous oxide, 127 + 70 kJ/mol for *

" Results are described in the PNNL letter report TWS98.78, Thermal and Radiolytic Gas Generation from Tank
241-A-101 Waste: Status Report, by 5. A. Bryan and C. M. King, September 1998.
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nitrogen, and 137 + 7 kJ/mol for methane. The uncertainties in the activation energies and
G-values given here and in the subsequent subsections represent the 95% confidence interval.

The second part of the work exposed the tank S-102 waste samples to a 37,000 rad/hr (' Cs)
external gamma source at the same control temperature. The radiolytic G-values for gas
generation in molecules/100 eV were 0.017 + 0.004 for hydrogen, 0.009 + 0.003 for nitrous
oxide, 0.009 £ 0.003 for nitrogen, and 0.0005 + 0.0002 for methane.

Using the thermal activation energies and radiolytic G-values, the gas generation rates were
extrapolated to tank conditions. The tank was at 41 °C (106 °F) and the dose rate in the waste
was 207 R/hr. The sum of thermal and radiolytic hydrogen generation rates is 1.0 mol/day,

0.8 scfd. This is about 40% of the 2.2 scfd hydrogen generation rate calculated with Hu’s (2000)
model shown in Table 5-1. The field measurement of hydrogen generation reported by

Hu (2000) was 2.3 scfd.

The composition of the generated gas mixture extrapolated to tank conditions is listed in
Table 5-1 along with the composition measured with the RGS. The extrapolated hydrogen
fraction was about twice that measured by the RGS.

Table 5 1 Calculated Com osntlon of Gas Generated in Tank 241-S 102

~ Nitrous oxide 23
Nitrogen 15
Methane 1.2

Gas generation experiments are typically run at temperatures and dose rates far higher than tank
conditions in order that sufficient volumes of gas are generated to permit accurate measurement
within a reasonable time. Then, as above, the measured generation rates are extrapolated to tank
temperature and dose rate using the thermal activation energies and G-values obtained from the
experimental data. To determine how well this method actually represents tank conditions, a
long-term gas generation test was done with tank S-102 waste with the temperature and dose rate
more closely matching tank values (King and Bryan 1999). The temperature was maintained at
41 °C (106 °F), which matched the tank temperature, and the dose rate was 286 R/hr, 40% higher
than the tank dose rate.

The gas composition in the test vessels was sampled after 40, 77, and 114 days. The amount of
gas produced in these tests was small and the quantities of nitrogen, nitrous oxide, and methane
could not be measured accurately. However, hydrogen made up 40 to 60% of the gas produced
which allowed its rate of formation to be established. Extrapolating only the dose rate from

286 R/hr to the tank value of 207 R/hr using the hydrogen G-value from the short term tests, the
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hydrogen generation rate was 0.8 mol/day compared to 1.0 mol/day extrapolated from the
short-term, high temperature and dose rate data.

5.2.2 Tank 241- S-106 Gas Generation Tests

Both high- and low-dose tests were also performed on tank S-106 waste. The results are given in
King and Bryan (1999)."" Both hydrogen and methane generation rates appeared to be unusually
accelerated by radiation at 120 °C and also appeared to be dose rate dependent at 60 °C. The
low-dose rate G-value for hydrogen is three times higher than the high-dose rate G-value at 60 °C
and four times higher at 120 °C. The hydrogen G-value appears to be temperature dependent.
The high-dose rate G-value at 90 °C was six times higher than the 60 °C G-value. The G-values
for nitrogen were assumed not to be dose-rate dependent, and the G-values for nitrous oxide
could not be determined.

The data did not allow extrapolation of gas generation rates to tank conditions. The rate of
hydrogen generation under tank conditions (25 °C, 177 R/hr) was estimated using the thermal
and radiolytic activation parameters for gas generation in actual tank waste. The radiolytic
generation rate for hydrogen was determined to be 2.1 (10*) mol/kg/day, and the thermal rate
was determined to be 3.9 (10™®) mol/kg/day. This translates to a total of 0.19 moles of hydrogen
generated per day in this tank.

5.2.3 Tank 241-U-103 Gas Generation Tests

The details of the laboratory tests on waste from tank U-103 are described by King and Bryan
(1999). The gas generation tests on tank U-103 samples focused first on the effect of
temperature on the composition and generation rate. Generation rates of nitrogen, nitrous oxide,
methane, and hydrogen increased with temperature and the composition of the product gas
mixture also varied with temperature. Thermal activation energies, E,, for the various gases
were: 91 + 24 kJ/mol for hydrogen, 108 + 22 kJ/mol for nitrous oxide, 88 + 34 kJ/mol for
nitrogen, and 156 + 8 kJ/mol for methane. Uncertainties represent a 95% confidence interval.

The second phase of the work focused on the effect of a 36,000-rad/h external gamma source
(*’Cs) on gas generation at 40, 60, and 90 °C. The best estimates of radiolytic G-values, in
molecules per 100 eV, were determined to be: 0.0019 =+ 0.0003 for nitrous oxide, 0.012 + 0.003
for nitrogen, and 0.0022 + 0.0003 for methane. The hydrogen G-value was temperature-
dependent: 0.006 at 40 °C increasing to 0.017 + 0.004 at 60 °C. Three other tanks studied
previously produced temperature-dependent G-values.

The thermal and radiolytic activation parameters obtained above allow the rate of hydrogen
generation at tank conditions to be calculated. The tank U-103 waste temperature is 29 °C

" The following letter report describes the high-dose rate tests: King, C. M., and S. A. Bryan, 1998, Thermal and
Radiolytic Gas Generation fram Tank 241-S-106 Waste: Status Report, WS98.77, Pacific Northwest National
Laboratory, Richland, Washington,
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(84 °F) and the dose rate is 449 R/hr. The 3 (10%) kg of waste in the tank generates a total of
0.48 moles per day or 0.4 scfd of hydrogen. This is about a factor of five less than the 2.2 scfd
calculated with Hu’s (2000) model (see Table 5-3), or the 2 scfd estimated by Hu (2000) from
headspace measurements. The composition of the total gas mixture at tank conditions
extrapolated from the experimental generation rates of hydrogen, nitrous oxide, nitrogen, and
methane are summarized along with RGS measurement in Table 5-2. The composition derived
from the experiments compares well with that measured by the RGS. If the gas mixture contains
27% hydrogen as given in the table, the total gas generation rate based on Hu’s (2000) 2.6 scfd of
hydrogen is about 10 scfd.

I’_I‘able 5-2. Calculated Compoeosition of Gas Generated in Tank 241-U-103

Hydrogen 27 23
Nitrous oxide 36 39
Nitrogen 33 36
Methane 4 <1

5.3 GAS GENERATION MODEL

Hydrogen is the major flammable gas observed in the dome space at steady-state. A hydrogen
generation rate model was developed and validated by Hu (2000) based on a large body of gas
generation data and tank waste characterization data. The rate equations are formulated as a
function of physical and chemical properties of tank waste, and are used to estimate the hydrogen
generation rate of current waste content, as well as, the newly mixed waste of known waste
properties. The model uses a set of semi-empirical rate equations to simulate the hydrogen
generation mechanism of thermal chemical reactions, radiolysis of water and organic
components, and corrosion processes. Summarized below is the total hydrogen generation rate,
HGR, in units of hydrogen yield per kilogram of total waste per day (Hu 2000).

5.3.1 Hydrogen Generation Rate Model Description

The total hydrogen generation rate (HGR) consists of the thermal rate (HGRy,y,,), the radiolysis
rate (HGR4), and the corrosion rate (HGR,). The HGR is expressed in terms of moles/kg-day.

HGR = HGRyyp + HGRq + HGR oy ' (5-3)

Where HGRgm= agm- 17 - [TOC] - [Al] %4 L - ¢ (ERRD

HGRug = (Guzo+ Gorg* Lt) - Hioaa - CFy
I'IGRc:orr = R Awettcd / Mtank : CFZ
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With  Gorg = ame-e 0. (. [TOC))
Gmo = 0.45-0.56-[NO;1"”-0.43[NO; "
And Eim is the activation energy for thermal reaction (89.3 kJ/mole)

Eaa is the pre-exponential factor for radiolytic reaction (44.3 kJ/mole)

A4hm is the pre-exponential factor for thermal reaction
(2.76E+09 mole/kg/day)

Arad is the pre-exponential factor for radiolytic reaction
(2.49 E+06 Hy/100 eV)

Gorg is the hydrogen yield per 100eV energy from organic radiolysis

G20 is the hydrogen yield per 100eV energy from water radiolysis
(Guzo has a minimum value of 0.005 Hy/100 eV)

I is the TOC reactivity coefficient (average value is 0.7 for DSTs
and 0.4 for SSTs)

Reon is the corrosion coefficient [1.83E-08 for DSTs and 3.6E-08 for
SSTs (m’/min/m?) at 25 °C]

Higaa is the heat load (Watt/kg)

Ls is the liquid weight fraction in the waste.

Auvetted is the wetted surface area of the tank (mz)

Miank is the total waste mass (kg) in the tank

CF, is the conversion factor to convert the units from
(H,/100eV)(Watts/kg) to (mole/kg/day)

CF, is the conversion factor to convert the units from

(m*/kg/min) to (mole/kg/day)

In general, the HGR due to chemical reaction follows Arrhenius behavior, and the rate from

- radiolysis is proportional to the radiation dose. In addition, the HGRs from radiation effects in
tank waste samples have been observed to be temperature-dependent (King and Bryan 1999).
The analysis of all available gas generation data (Hu 2000) shows that this temperature-
dependent reaction follows Arrhenius behavior, which can result from a multi-step degradation
of organic compounds, initiated by radiolysis and followed by thermal reactions. The water
radiolysis rate is assumed to be temperature-independent, with the G-value reduced by
scavenging effects.

The numerical values in the equations are established by the analysis of gas generation kinetic
data from waste samples with the aid of tank field surveillance data and tank waste
characterization data. The reactivity coefficient, rr, was used to adjust for differences in
reactivity of TOC among tanks.
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5.3.2 Effect of Saltwell Pumping on Gas Generation

The majority of drainable liquid has been or soon will be removed by saltwell pumping from 17
of the 19 SSTs on the Flammable Gas Watch List. These 17 tanks are listed in Table 5-3, along
with the saltwell pumping status of each. Because gas generation occurs predominantly in the
waste liquid phase, the gas generation rate in an SST is decreased by the removal of drainable
liquid. As a comparison, calculations to estimate the hydrogen generation rates prior to and after
the saltwell pumping activities were carried out using the hydrogen generation rate model
described in Section 5.3.1.

Table 5-3 also lists the estimated total liquid inventories of each tank before and after saltwell
pumping. The estimated pre-pumping liquid inventories were based on core sample analyses.
The estimated post-pumping liquid inventories were calculated by subtracting the actual (or
anticipated) pumpable liquid in each tank (Fort 2000) from the estimated pre-pumping liquid
inventories. These liquid inventories were then used with Equation 5-3 to estimate the hydrogen
generation rates before and after saltwell pumping. As described above, the hydrogen is
generated by thermolysis, radiolysis, and corrosion. Assuming the chemical species
concentrations in the waste are the same before and after saltwell pumping, the thermolysis rates
and radiolysis rates are calculated by using the generation rates per unit volume waste (Hu et al.
2000) multiplied by the liquid inventories.

The corrosion rates prior to the saltwell pumping are also taken from Hu et al. (2000). The post-
pumping corrosion rates decreased from the rates prior to pumping, because of the decreased
contribution of the wetted area, which is reduced because of removal of the supernatant. It is
assumed that the solid waste of the solid layer will remain on the tank liner surface, keeping it
wet for an extended period of time, even though part of the interstitial liquid is pumped out. The
calculated total generation rates before and after saltwell pumping for 17 tanks are given in
Table 5-3.

The hydrogen generation rates are expected to decrease roughly in proportion to the fraction of
liquid removed, unless the generation rate is already quite low. As shown in the table, for tanks
where pumping has been finished, the post-pumping hydrogen generation rate is 66% to 100% of
the pre-pumping rate. The most significant change is expected to occur in tank A-101, with an
anticipated decrease in hydrogen generation rate from 18.6 to 3.6 cubic feet per day. This tank
has a relatively high hydrogen generation rate and has a large amount of liquid to be removed.
Very little change in the estimated hydrogen generation rates is predicted for the cooler, drier
tanks (e.g., tanks S-112 and T-110), in part because corrosion is thought to be the dominant
hydrogen source in these tanks, which is less dependent on liquid volume, and in part because the
decrease in total liquid inventory is relatively small.

The results in Table 5-3 give only the change in hydrogen generation resulting from saltwell
pumping. Neither the amount of gas released during the actual pumping process nor the volume
of gas that might eventually accumulate after pumping is considered here. Refer to Sections 6.0
and 7.0 for a full discussion of gas retention and release as affected by saltwell pumping.
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Table 5-3. Estimated Hydrogen Generation Rates Before and After Saltwell Pumping
Tank
A-101 In Progress 795 18.5 208 3.6 0.19
AX-101 | In Progress 602 5.6 158 1.5 0.27
S-102 In Progress 177 2.2 34.4 1.6 0.73
S-111 Not Started 363 1.5 231 1.3 0.87
S-112 Not Started 393 1.7 323 1.6 0.94
SX-101 | InProgress: 253 1.7 154 1.6 0.94
$X-102 { Not Started 416 3.8 300 2.9 0.76
S$X-103 | In Progress 450 8.0 318 5.9 0.74
S$X-104 Finished 371 6.2 246 4.8 0.77
SX-105 | InProgress 489 13.7 348 10.2 0.74
SX-106 Finished 433 2.1 273 14 0.66
T-110 Finished 368 1.3 334 1.3 1.0
U-103 Finished 337 2.2 229 1.8 0.82
U-105 Finished 234 2.0 143 1.5 0.74
U-107 Not Started 311 1.3 196 1.2 0.93
U-108 Not Started 368 1.8 244 1.6 0.89
U-109 In Progress 233 1.5 115 1.4 0.93

5.4 GAS COMPOSITION MEASUREMENTS

The RGS is the only instrument in use that provides a means of obtaining waste gas composition
measurements on actual tank waste. It is the primary method for determining the composition of
the retained gas. The RGS system was described in Section 2.6, and gas compositions obtained
with the RGS are summarized in Section 5.4.1. Gas compositions derived from core drill string
gas samples are discussed in Section 5.4.2. Headspace gas compositions measurements are
described in Section 5.5.

5.4.1 Retained Gas Sampler (RGS) Gas Compositions

Retained Gas Sampler data are available for the Flammable Gas Watch List SSTs A-101,
AX-101, §-102, S-111, SX-106, U-103, and U-109 (Mahoney 2000). Retained Gas Sampler
measurements were also made in the non-Flammable Gas Watch List SSTs BY-109 and $-106.
The average gas compositions calculated from local RGS measurements in the SSTs are
summarized in Table 5-4.
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The gases that are retained in the solid layers of the waste often have higher hydrogen contents
than the gases that are retained in liquid waste. This is particularly noticeable in tank A-101.

The composition of the gases in the liquid wastes compare more closely to that of the gases that
are generated in laboratory tests than the compositions of the gas retained in the solid layers.
These observations imply that the composition of the gases that have been retained in solid layers
have changed during years of residence, becoming richer in hydrogen as a consequence of slow
decomposition reactions or subtle differences in migration rates of the various gas species
through the solid-liquid matrix,

Table 5-4. Retained Gas Sampler Gas Com_posil;ions (mol %)

Tank Layer Hydrogen | Nitrogen %t;‘;:l:s Ammonia | Methane g:hS::
A-101 NCL 72 +7 19+5 [ 606 [ 25+0.9 <1 <1
A-101CL 15+5 | 64+24 [ 14+5 [ 34+18[16+£08120+09
AX-101 NCL® | 61%6 17+3 [ 11+1 | 84+19 [24202| <1
BY-109 ® 506 | 29+5 | 18+3 [ 14+06 <1 <1
S-102 33+3 32+4 33+3 | 1.1+04 <1 <1
S-106 © 6316 25+4 | 111 <1 <1 <1
S-111 66 + 10 21+6 11+2 [ 1.1+04 <1 <1
S-111 Liquid 63+34 ] 90+68 [1.7+10] <1 <1 |1.0+08
SX-106 505 20+4 | 24+3 | 55%1.2 <1 <1
SX-106 Liquid 21+5 | 64+21 | 1243 <1 1.1+04 [14+05
U-103 23+ 1 36+2 | 39+2 <1 <1 <1
U-109 253 46 + 8 274 | 1.2+£05 <1 <1

Notes:
(a) From only one sample in tank AX-101,
(b) The RGS samples were taken only from below the ILL.
(c) There was no RGS sample from the supernatant in tank S-106.

5.4.2 Gas Compeosition from Drill String Samples

Drill string samples are occasionally taken during the process of waste core sampling activities.
In this process, a sampler is introduced to the waste by means of a drill string, a hollow tube
extending from the drilling truck above ground level down into the waste to the level of the last
segment extracted. In some cases, the process is temporarily halted and gases from the waste
may accumulate within the hollow drill string. Sampling of the drill string for gases is a normal
work control. If high readings for flammable gas were noted, the field crews took grab samples
for additional analysis. ‘
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Siciliano (1998) analyzed the drill string data that had been obtained over a several year period.
His analysis had to account for the use of argon or nitrogen purge gases that were used in the drill
string, as well as, for in-leakage of air. In most cases the analysis by Siciliano provided values
for hydrogen and nitrous oxide that were in reasonable agreement with the RGS results shown in
Table 5-4.

5.5 HEADSPACE GAS COMPOSITION

Monitoring and sampling of tank headspaces have provided considerable information about the
composition of gas emerging from the waste. The SSTs on the Flammable Gas Watch List have
had instrumentation for continuous monitoring of flammable gases since April 1995 (McCain
2000), and hundreds of headspace and ventilation system grab samples have been collected and
analyzed. The following subsections discuss the types of data that have been collected and what
each contributes to the current understanding of gas composition in the Flammable Gas Watch
List SSTs.

5.5.1 Standard Hydrogen Monitoring System Headspace Monitoring Data

Hydrogen concentrations have been monitored in the 19 Flammable Gas Watch List SSTs and

11 other SSTs with dedicated SHMSs. (Refer to Section 2.3 for a complete description of the
SHMSs instrumentation.) Each SHMS is equipped with two Whittaker™ electrochemical cell
hydrogen monitors (one to measure concentrations between 0 and 10,000 ppmv, the other to
measure concentrations up to 100,000 ppmv), data logging and transmitting equipment, and the
ability to automatically collect samples for laboratory analyses in the event of a large GRE. Eight
of the SHMSs on SSTs are also equipped with a gas chromatograph — a thermal conductivity
detector (GC-TCD) system that measures hydrogen, methane, and nitrous oxide. Hydrogen
measurements by the GC-TCDs are not entirely redundant with the Whittaker™ monitor
measurements, because the GC-TCDs undergo daily calibration checks and are more accurate. In
addition, three of the SHMSs on Flammable Gas Watch List SSTs and four on other tanks are
equipped with photo-acoustic infrared multi-gas analyzers, which monitor headspace ammonia
concentrations.

Headspace monitoring data indicate that hydrogen concentrations in the Flammable Gas Watch
List SSTs stay well below 25% of the LFL. Table 5-6 lists the maximum hydrogen concentration
observed in each of the 19 Flammable Gas Watch List SSTs and the date these maximums were
observed (McCain 2000). Because the maximum concentrations were generally measured with
Whittaker™ electrochemical cell monitors (tank A-101 being the exception), values less than
about 1,000 ppmv should be considered approximate.” It is pertinent to note that saltwell
pumping operations have been completed without the spontaneous release of significant amounts

2 Whittaker™ electrochemical cells measure hydrogen gas with an absolute accuracy of 2,000 ppmv and a resolution
of 50 ppmyv (Schneider 1996). Although they generally agree with independent measurements {e.g., the GC-TCD)
much better than advertised accuracy of 2,000 ppmv implies, baseline drift on the order of several hundred ppmv is
not uncommon.
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of hydrogen into the dome space for four tanks (SX-104, SX-106, T-110, and U-105). However,
the two highest hydrogen concentrations listed in Table 5-6, observed in tanks U-103 and U-109,
are both associated with gas releases induced by the removal of liquids from these tanks.
Excluding these two values, the maximum hydrogen concentrations are all below 10% of the
LFL of hydrogen in air.

Table 5-5. Maximum Hydrogen Concentrations Measured by
Standard Hydrogen Monitoring System Instrumentation

A-101 837 2/7/1999 E+" GRE®
AX-101 540 12/10/1996 GRE
AX-103 3,880 11/22/1996

$-102 3,780 5/20/1996

S-111 1,270 12/14/1995 GRE

S-112 490 8/22/1995
$X-101 400 8/22/1995
SX-102 740 11/12/1996
$X-103 640 2/12/1995 E+
SX-104 580 8/22/1995
SX-105 710 12/28/1996 GRE
$X-106 560 8/17/1997
$X-109 890 12/15/1999

T-110 500 8/31/1999

U-103 4,870 11/2/1999 swp &

U-105 3,680 10/24/1996 B+

U-107 1,900 12/28/1996 GRE

U-108 3,280 - 2/25/1996

U-109 4,930 3/23/2000 SWP

® E+ in the Notes column indicates the tank has a SHMS E+ gas monitor.

@ GRE in the Notes column indicates the maximum was associated with a GRE.
@ SWP in the Notes column indicates the maximum was associated with the saltwell pumping removal of
drainable liquid from the tank.

Ammonia monitoring in the Flammable Gas Watch List SSTs has been limited by instrument
reliability problems, and hampered by the condensation of moisture in the lines (particularly in
cold weather), which affects the ammonia in the sample stream, The ammonia monitors have
also been out of service for extended periods on several of the tanks. The highest reported
ammonia concentration in any SST was about 5,200 ppmv observed in tank U-105 after the
removal of dratnable liquid waste by saltwell pumping. Table 5-7 lists the maximum ammonia
concentrations in the 3 Flammable Gas Watch List SSTs equipped with ammonia monitors.
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Table 5-6f Maximum Alpmo

A-101 1,400 62000
SX-103 1470 §/22/98
U-105 5.200 8/24/00 After SWP

The SHMS GC-TCDs on SSTs provide the only methane and nitrous oxide monitoring data.
Although methane is produced by the waste, it is not a major waste gas, and has been observed
only at relatively low concentrations in the headspaces. Tank U-105 has had the highest methane
concentrations, as monitored by SHMSs, with a maximum concentration of around 60 ppmv, or
approximately 0.12% of the LFL of methane in air. Maximum observed nitrous oxide
concentrations are listed in Table 5-8. The highest reported nitrous oxide concentration, in tank
U-105, was observed during saltwell pumping of this tank.

Table 5-7. Maximum Nitrous Oxide Concentrations Measured by Gas Chromatograph -
Thermal Conductivity Detector (GC-TCD) Monitors
Vi ])bf T

Notes

e

A-101 ' 221

10/28/00
SX-103 134 10/28/00
U-105 4.930 2/15/00 During SWP

The composition of gases released may be different during GREs than in the steady-state. In tank
A-101, for example, the gases released by GREs are evidently richer in hydrogen than gases
released by non-GRE mechanisms. This is illustrated by the hydrogen and nitrous oxide
concentrations for calendar year 1999 for tank A-101 that are plotted in Figure 5-1. The ratio of
hydrogen to nitrous oxide headspace concentrations exhibits a dramatic rise with each GRE.

This suggests that much of the nitrous oxide in this tank is released via non-GRE mechanisms.
During 1999, the ratio of hydrogen to nitrous oxide in the tank A-101 headspace ranged from
about 1.2 (after a lull in GRE activity in October) to 7.3 (during the February 6th GRE). The gas
release behavior of tank A-101 is discussed in detail by Stock (2000b).

Headspace gas concentrations are affected by seasonal changes in waste temperature. This is
illustrated in Figure 5-2, where the tank U-105 headspace ammonia, nitrous oxide, and hydrogen
concentrations have been plotted alongside the headspace temperature for a 1-year period. The
headspace temperature, thought to be about 1 or 2 degrees cooler than the waste surface at all
times, exhibits a characteristic sinusoidal behavior, with high and low temperatures lagging about
three months behind ambient seasonal high and low temperature periods. As illustrated in

Figure 5-2, in tank U-105 all three monitored gases appear to track with the headspace
temperature.
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Figure 5-1. Headspace Hydrogen and Nitrous Oxide Concentrations
in Tank 241-A-101 during 1999
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Figure 5-2. Headspace Gas Concentrations and Temperature in Tank 241-U-105
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5.5.2 Standard Hydrogen Monitoring System Cabinet Grab Samples

Periodically, gas samples are collected from the SHMSs for laboratory analysis as a quality
assurance measure. Grab samples are also collected automatically when a high-level alarm is
activated. Samples are analyzed by mass spectrometry. McCain (2000} describes the sampling
system and the analytical method. Table 5-9 lists the average and maximum hydrogen
concentrations reported in SHMS grab samples for each of the 19 Flammable Gas Watch List
SSTs.

The hydrogen averages given in Table 5-8 were calculated using the reported lower detection
limits of the instrumentation for conditions where no hydrogen was detected in the sample. For
some samples, this could potentially bias the average to a slightly high value. The average
hydrogen to nitrous oxide ratio includes only samples for which both hydrogen and nitrous oxide
concentrations were above detection limits, and “U” is entered when no samples from a given
tank met that criterion, All of the maximum hydrogen concentrations listed in Table 5-8 were
from scheduled quality assurance grab samples (i.e., none were collected because of high-level
alarms). Maximum hydrogen concentrations determined from SHMS grab samples are lower
than determined from continuous monitoring (see Table 5-5) with the exception of results for
tank A-101."

SX-106 27 38 160 3.0

SX-109 20 18 69 4.0
T-110 21 9 21 U
U-103 21 575 840 0.7
U-105 18 611 1,550 0.4
U-107 24 390 690 0.8
U-108 29 379 1,060 1.0
U-109 20 386 630 0.8

" The maximum hydrogen concentration in tank A-101 SHMS grab samples was reported for a sample collected in
August 1995, when no monitoring data were available. The average hydrogen concentration for tank A-101 given
in Table 3-5 is also skewed by 10 samples collected in July and August of 1995 when the hydrogen concentration
was unusually high,
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5.5.3 SUMMA™ Canister and Sorbent Trap Samples

Gas concentrations have been measured in each of the Flammable Gas Watch List SSTs using
SUMMA™" canister and sorbent trap sampling methods and laboratory analyses. The SSTs
were sampled with multiple sampling devices from the central portion of the headspace during a
single sampling event, with the exception of tank S-102, which was also sampled five additional
times to examine temporal effects (Huckaby et al. 1997a). Huckaby et al. (1996) give an
overview of the sampling and analysis methods.

Average headspace hydrogen, nitrous oxide, and ammonia concentration results for each tank are
listed in Table 5-9, along with the sampling date. As would be expected, the actively ventilated
tanks (all the SX-Farm tanks listed, exclusively) tend to have lower headspace gas
concentrations. The concentrations listed in Table 5-9 are thought to accurately indicate the
headspace compositions on the specified sampling dates. However, variations in the composition
of the tank headspaces due to ventilation rate changes and seasonal effects can range widely. The
February 1995 sampling of the tank U-105 headspace, for example, found the headspace
concentrations of hydrogen, nitrous oxide, and ammonia to be < 49, 154, and 325 ppmv,
respectively, while the SHMS-E+ monitoring data showed their concentrations in 1999 were
above 4,000, 1,500, and 2,500 ppmv, respectively, for extended periods (see Figure 5-2).

Table 5-9. SUMMA™ Canister and Sorbent Tra VSam le Waste Gas Results

A-101 6/8/95 758 218 754
AX-101 6/15/95 103 <12.6 42
AX-103 6/21/95 <98 24 42

$-102 Various"’ 769 717 602

S-111 3/21/95 391 48 122

S-112 7/11/95 <25 <25 89
SX-101 7/21/95 <25 <25 3.8
SX-102 7/19/95 <25 <25 16
SX-103 3/23/95 <23 <23 77
SX-104 7/25/95 <25 <25 25
SX-105 7126195 <25 <25 28
SX-106 3/24/95 <98 14 179
SX-109 8/1/95 <25 <25 17

T-110 8/31/95 <25 <25 108

U-103 2/15/95 555 878 730

U-105 2124195 <49 154 325

U-107 2/17/95 500 701 453

U-108 8/29/95 522 612 692

U-109 8/10/95 748 868 577

) Tank $-102 was sampled on 3/14/95, 1/26/96, 4/4/96, 9/19/96, 12/19/96, and 2/11/97. The concentrations

listed for tank S-102 are the averages of the 6 sampling event results.

1“SUMMA is a trademark of Moletrics, Inc., Cleveland, Ohio.
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5.6 SUMMARY OF GAS GENERATION AND COMPOSITION

The data on gas generation rates and gas composition indicate that gas generation rates in the
Flammable Gas Watch List SSTs are quite low, on the order of several cubic feet per day, and the
resulting steady-state headspace flammable gas concentrations are not hazardous, even under
passive ventilation. Laboratory tests have provided information on the dependence of the
generation rates of hydrogen and some other gases (nitrogen, nitrous oxide, and methane) on
temperature and dose rate. This has enabled the development of a general empirical model that
can evaluate the effect of operations like saltwell pumping on the hydrogen generation rate.
Calculations presented in this section show that saltwell pumping can be expected to reduce the
hydrogen generation rate in proportion to the ratio of the volume of liquid removed to the initial
volume present.

The waste gas composition has been measured by the RGS in nine SSTs of which seven are on
the Flammable Gas Watch List. The waste gas generally contains 20 to 70% hydrogen. The gas
compositions measured in the tank headspaces indicate that the gas being released from the waste
in the steady-state is generally much leaner in hydrogen than the retained gas, primarily because
nitrous oxide and ammonia are much more soluble than hydrogen and are released primarily by
evaporation from the liquid.

Headspace gas composition data provide information on the mechanisms and rates of gas release
by the waste and its removal by ventilation. The data clearly indicate that existing ventilation has
been adequate to prevent any significant accumulation of flammable gases in the headspaces of
the SSTs. Waste gases released in small spontaneous events have been quickly diluted within the
headspace to well below 25% of the LFL. The headspace gas concentrations are observed to
fluctuate with time, principally due to changes in passive ventilation rates and flow paths, but
also because of seasonal changes in waste tank temperatures.

The data and observations on gas generation, retained gas composition, and headspace gas
composition and concentration indicate that the SSTs have not presented a flammable gas hazard
during steady-state interim storage. Neither intrusive activities such as core sampling nor
saltwell pumping operations have resulted in flammable gas concentrations above 25% of the
LFL.
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6.0 GAS RETENTION AND DISTRIBUTION

Gas is generated molecule-by-molecule in solution in the liquid waste by radiolysis of water, and
by thermal and radiolytic decomposition of organic compounds. However, except for ammonia
and, to a lesser extent, nitrous oxide, the generated gases are not very soluble and most of the gas
comes out of solution as bubbles. Ammonia is very soluble, and most of it remains in solution.
The dominant mechanism for ammonia release is evaporation from a stirred liquid surface.
Evaporation also contributes to release of nitrous oxide. But since ammonia has a very high
flammability limit (16% in air), it is more a toxicological than a flammability hazard. Bubbles
are the most important mode of gas retention and release concerning flammability.

Gas retention in SSTs on the Flammable Gas Watch List has been investigated by several
methods over the last several years. Gas retention tests have been performed on waste samples
from several tanks, and the RGS has measured the local gas fraction in those that were believed
to contain the largest volume of retained gas. The total stored gas volume has also been
estimated for applicable tanks using the BPE method and integration of neutron logs. At the
same time, some of these tanks have been or are being saltwell pumped which releases a large
fraction of the originally stored gas and significantly alters the waste configuration.

The basic understanding of gas retention based on experimental and observational data is
summarized in Section 6.1. The results of gas retention tests on SST waste samples are
discussed in Section 6.2. The RGS gas fraction data are given in Section 6.3, and the gas volume
estimates obtained using the BPE method and by integration of the neutron logs are discussed in
Section 6.4. Changes in retained gas volume over the last few years are described in Section 6.5,
and a summary of the gas retention status of each tank is provided in Section 6.6.

6.1 GAS RETENTION THEORY

The principal mechanisms of bubble retention can be grouped into three categories: bubbles
retained by direct attachment to particles (e.g., armored bubbles, attached bubbles, agglomerates,
etc.), bubbles retained between particles by capillary forces, and bubbles retained by the strength
of the surrounding waste. In sediment layers, bubble retention is dominated by the waste strength
and capillary forces; direct attachment of bubbles to particles plays a minor role. Gas release
occurs on failure of the gas retention mechanism. Since bubbles rise freely in a fluid, a liquid
cannot retain bubbles, except those in transit through the layer, and can only store dissolved gas.
The two dominant bubble retention mechanisms are discussed below.

6.1.1 Bubble Retention by Capillary Forces

Bubbles can be held in the interstitial spaces or pores between particles by capillary forces when
the lithostatic load is sufficient to hold the particles in contact against the force of the bubble’s
internal pressure trying to push them apart. This retention mechanism requires either relatively
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large pores, which reduces the internal bubble pressure, or a deep waste column, which increases
the lithostatic load, or both. These bubbles assume an irregular, dendritic shape conforming to
the passages between the particles. When the internal pressure of a bubble overcomes the effect
of the lithostatic load, it pushes the surrounding particles apart. The bubble is then restrained by
the yield strength of the bulk waste as a particle-displacing bubble. The difference between these
two types of bubbles is illustrated in Figure 6-1.

oo

(a) Bubbles held within pores between (b) Bubbles held by the strength of the
particles by capillary forces. waste.

Figure 6-1. Bubbles Retained by Capillary Forces and Waste Strength

Whether a bubble is held by yield strength or capillary force depends on a Bond number
criterion developed by Gauglitz et al. (1994, 1995, and 1996). This dimensionless group
contains two parameters, a ratio of gravitational force to surface tension force, and a ratio of
waste strength force to surface tension force. If the number exceeds unity, a bubble is held by
capillary forces between particles in the pore-filling configuration. The Bond number is
expressed as:

ApgHD 1t D (A
N = S P, L Pl 2 (6-1)
o %o 4o A]

where:
Hs = the height of the lithostatic column above the bubble

De = the mean pore diameter through which a bubble must pass to escape
retention. Assumed to be represented by the particle diameter.

Ap = the difference between solid and liquid density

o = the surface tension

Ty = the yield stress

A = Ay/A;is aratio related to how the yield stress resists bubble
expansion; it was estimated at 2.8 by Gauglitz et al. (1995).
g = gravitation constant
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The upper limit on the vertical extent of a pore-filling bubble can be derived from the balance of
capillary forces and the hydrostatic pressure difference between the top and bottom of the bubble
(Stewart et al. 1996). As the bubble grows, the hydrostatic pressure difference between the top
and bottom of the bubble increases. The depth and curvature radii of the liquid-gas interfaces
continually readjust themselves so that the uniform and increasing gas pressure inside the bubble
balances the extemal, nonuniform hydrostatic pressure. When the bubble internal pressure
overcomes the restraining force of surface tension, gas pushes out of the top of the bubble and
liquid flows into the bottom of the bubble causing the bubble to move upward. The gas volume
fraction at which this motion occurs is called the percolation threshold. The maximum height,
Ah, which a pore-filling bubble can attain before percolating is expressed as:

Ah = 46/pLgD, (6-2)

where:
o = the surface tension and
pL = the liquid density.
g = gravitation constant

Pore-filling bubbles, although they may represent a considerable gas volume, are not a
flammability concern because there is no mechanism for them to release the gas rapidly. In order
for gas in a pore-filling bubble to move, liquid must be displaced from the pores the bubble
enters and flow into the pores the bubble vacates. Flow of the liquid through the small pores in
the waste is a very slow process.

6.1.2 Bubble Retention by Waste Strength

If a bubble is retained by the strength of the waste, as determined by the Bond number in
Equation 6-1, the bubble shape is determined by a balance of surface tension and waste strength.
With relatively weak waste or small bubbles, surface tension pulls bubbles into an approximately
spherical shape. If the effect of waste strength is greater than surface tension forces, the bubble
grows into the weakest area of the waste surrounding it and assumes a dendritic shape.
Particle-displacing bubbles that are not dendritic are called “round” bubbles, even though they
may be ellipsoidal or similarly distorted from a truly spherical shape. A bubble shape criterion is
derived from simple scaling of the relative importance of strength to surface tension. The
maximum diameter of round bubbles before they begin to assume a dendritic shape is given by:

D, <— (6-3)

T
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where:
T, = the yield stress,
o =is the surface tension,
D, = the bubble diameter.

A bubble can grow vertically only until its buoyancy exceeds the ability of the waste to hold it in
place. The release of small bubbles in this manner is believed to comprise the steady background
gas release observed in waste tanks. A criterion for incipient motion of a solid sphere immersed
in a Bingham fluid" can be derived in terms of a critical gravity-yield number, Y (Chhabra and
Uhler 1986). The resulting limiting diameter is expressed as:

D, «—= (6-4)

where:
Ty = the yield stress,
pw = the bulk waste density,
g = the acceleration of gravity.

The number Y is estimated at 0.2 for use with yield strengths as measured at the Hanford Site
(Stewart et al. 1996).

The combined criteria of Equations 6-3 and 6-4 limit the round bubble diameter to 0.5 to 1 cm
for nominal Hanford Site waste properties as illustrated in Figure 6-2. This size is essentially
constant over the range of tank waste properties and is quite consistent with observations of
bubbles in waste samples and simulants. A single round bubble large enough to contain a
hazardous amount of gas simply cannot exist.

‘A Bingham fluid is one where the shear stress must exceed a limiting value , the yield stress, 1,, for flow to occur.
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Figure 6-2. Limiting Bubble Size in Single-Shell Tank Waste

Equation 6-4 also gives the limiting height of dendritic particle-displacing bubbles. At the
limiting size, any further increase in the vertical hydrostatic pressure difference pinches off the
bottom of the bubble and pushes the top of the bubble upward in a manner similar to migration
of pore-filling bubbles. However, motion of particle-displacing bubbles is much faster since it
does not require liquid flow through a porous medium. If the waste is moderately strong, the
bubbles do not collapse completely and dendritic bubble networks form to provide continuous
gas release (Gauglitz et al. 1996). Therefore, a relatively weak waste is more likely to exhibit
measurable spontaneous releases. This kind of “percolation” of dendritic, particle displacing
bubbles is believed to be the primary mechanism for the small spontaneous releases observed in
the headspace gas monitoring data on SSTs (see Section 7.0).

It is possible for gas releases to occur while individual bubbles remain confined within the waste.
This can happen in tanks with a deep layer of supernatant liquid when a portion of the settled
solids accumulates sufficient gas to become buoyant with respect to the liquid above it, breaks
away and rises through the liquid. The stored gas bubbles expand as the gob rises, disrupting the
surrounding waste so a portion of the gas can escape into the headspace. This kind of gas release
requires a relatively deep layer of supernatant, which is not present in the SSTs. Only five of the
DSTs (AN-103, AN-104, AN-105, AW-101, and SY-103) currently exhibit buoyancy driven
GREs. (A summary of the behavior of these DSTs is given in Hedengren et al. (2000).)
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6.1.3 Effect of Waste Configuration on Gas Retention

Besides physical properties, gas retention depends on the waste composition or type and the
waste layering or configuration. The waste types and configurations common to SSTs were
introduced in Section 4.0. The characteristics of gas retention and release in the main waste
configurations of interest in SSTs, wet solids and pumped, are discussed below.

6.1.3.1 Wet Sediment Configuration

-Most of the SSTs that retain a significant volume of gas consist entirely of a liquid-saturated
solid matrix with little or no supernatant liquid. In the saltcake waste type, assuming 30-micron
particles, Equation 6-1 states that the upper several meters will retain individual round bubbles
while the bottom few meters will contain pore-filling bubbles due to the high lithostatic load.
Sludge waste, assuming a 1-micron particle diameter, will retain gas as particle-displacing
bubbles at any depth attainable in SSTs. The wet sediment tanks with saltcake waste type have
the highest gas fraction and deepest waste; therefore, they account for most of the total retained
gas volume.

The characteristics of gas releases from the wet sediment configuration depend to a great degree
on how the gas is stored. For example, pore-filling bubbles require liquid to flow through the
porous media in order to migrate. This makes gas release a very slow process. Gas release from
particle-displacing bubbles should be faster, but limited to a small region of a tank, This is
consistent with headspace gas monitoring data which show these tanks typically release on the
order of 1 to 2 cubic meters (30 to 70 scf) of gas over a period of several days (McCain 2000).
These tend to occur when the barometric pressure falls rapidly during storm passage in the late
fall and early spring (see Section 7.0).

6.1.3.2 Pumped Configuration

In tanks that have been saltwell pumped, the ILL is usually well below the waste level. In the
absence of the buoyant force of the liquid, the portion of the waste above the liquid level exerts a
high lithostatic load on the waste below. Applying Equation 6-1 with the density difference set
equal to the solid density, only one meter of unsaturated saltcake above the liquid level is
required to force the entire column into the pore-filling bubble configuration. The small particle
size of sludge maintains particle-displacing bubbles regardless of the depth of overburden above
the liquid level. The small particles make it difficult to remove interstitial liquid from sludge
effectively by pumping from a single well,

Gas release from the region containing pore-filling bubbles should be slow. But, as the gas exits
into regions with lower lithostatic loads, the gas may again displace particles. The particle-
displacing bubble region may then exhibit small spontaneous releases as if from an unpumped
tank. The only potential mechanism for a significant gas release from a pumped tank might be a
sudden waste subsidence months or years after saltwell pumping is completed. The removal of
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the interstitial liquid greatly increases the lithostatic load on the particle column. Apparently, the
continued slow migration of liquid eventually leads to a failure and compaction of the column.
Any gas still trapped in liquid saturated waste in the subsiding region would be subject to release.
While no such gas releases have yet been observed, craters and depressions on the surface of
pumped tanks clearly show subsidence has occurred.

6.2 RESULTS OF GAS RETENTION TESTS ON SINGLE-SHELL TANK WASTE

Experimental studies have been performed on waste samples and simulants to gain insight on the
mechanisms for gas retention. Tests were first done on simulants chosen to mimic the behavior
of waste in SSTs (Gauglitz et al. 1994, 1995). Single-shell tank wastes have a wide range of
physical properties that range from clay-like, plastic sludges to hard saltcake. Most of the work
was done on fine particle simulants composed of bentonite clay and water. Glass beads and sand
in water were used in early tests. The results quantified how the simulants retained gas in the
form of a map of bubble configuration as a function of waste strength, lithostatic load, and
particle size. Additionally, the tests indicated how bubbles are released.

Additional tests were then conducted to confirm that the behavior observed in the simulants also
occurred in the waste. The tests were performed by placing an actual waste sample into a
transparent vessel and allowing it to settle. It was then irradiated with cesium gamma source to
generate a small amount of gas within the sample. The test chamber was then evacuated in a
controlled manner to nucleate additional bubbles and to expand existing bubbles. Bubble growth
and release are monitored with a video camera during de-pressurization. This method also
determines a maximum retained gas fraction in each test.

Tests were conducted on samples from tanks A-101, S-102, §-106, U-103, AW-101, AN-103,
and SY-103. Additional details on the experiments are provided in Gauglitz et al. (1996),

Rassat et al. (1997), and Rassat et al. (1998). The balance of this section summarizes the tests on
SST wastes.

6.2.1 Tank 241-S-102 Gas Retention Tests

Tests with waste samples from the DST SY-103 showed that a buoyancy-like gas release
mechanism occurred at close to the predicted neutral buoyancy gas fraction, if sufficient
supernatant liquid were present in the sample. The buoyancy-dominated release occurred at an
indicated gas fraction of 9 to 12%. In samples with little supernatant, the apparent gas fraction
grew to 30% (Gauglitz et al. 1996).

This same behavior was observed in tank S-102 wastes. The samples included granular saltcake,
a stiff sludge-like material, and a soft, weak sludge. None of the samples had excess supernatant
liquid, and the maximum indicated gas fractions ranging from 20 to 50% exceeded the neutral
buoyancy point.
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An important observation from tank S-102 studies is that the soft sludge sample, which appeared
to be considerably weaker than the stiff sludge sample, retained about 10% more gas at
maximum growth (33% compared to 20% for the stiff sludge). Furthermore, the somewhat more
granular saltcake samples held even more gas (50% at maximum growth). These results were
consistent with observations of bentonite clays of varying strength. In particular, tank S-102 stiff
sludge sample developed a connected path structure whereby gas was continuously released. The
softer sludge sample experienced several rapid partial releases as paths opened and closed.

These results and those of additional simulant studies show that the maximum gas retention
occurs in materials of moderate strength and that very weak and very strong wastes do not retain
as much gas.

6.2.2 Gas Retention Tests on Tanks 241-A-101, 241-S-106, and 241-U-103 Wastes

The gas retention tests on tanks A-101, S-106, and U-103 wastes were performed in a single
study (Rassat et al. 1998) and are reported together. These SSTs were selected on the basis of
waste type, indications of significant gas retention (i.e., RGS measurements; see Section 6.3),
and sample availability.

o Tank A-101 is of interest because of its unusual inverted configuration with solids on top
and liquid on the bottom. The waste is a highly concentrated saltcake classified as DSSF.
The waste sample was recovered from the RGS extractor.

o Tank S-106 waste is predominantly saltcake of the noncomplexed type (does not contain
high concentrations of organic complexants). The barometric pressure response and
cumnulative waste level rise in this tank indicated a very high retained gas volume.

o Tank U-103 also contains noncomplexed waste but is reported to contain a significant
fraction of finer-grained salt slurry. The RGS found one segment with a gas fraction
approaching 40% in this tank.

The tests were conducted near the measured tank temperatures with tanks S-106 and U-103 at
26 to 30 °C and tank A-101 at 53 °C. Unlike previous tests, the samples were not pre-irradiated
since it was shown that sufficient gas was present in the samples without pre-irradiation to attain
maximum retention under a vacuum.

The retained bubble shapes and gas retention profiles in all three wastes were consistent with
those observed in earlier studies in the bentonite clay simulant with a yield stress on the order of
50 Pa. Visual observations of the samples as they were being poured into the retention test
vessels also suggest their strengths were less than 100 Pa. As discussed in Section 6.2.1, this
strength range should result in a relatively high gas retention.

The maximum retained gas fraction ranged from 30 to 51% in the four samples tested: 40% in
tank A-101, 51% in tank S-106, 30% in the tank U-103 upper composite, and 42% in the tank
U-103 middle composite, All of these values are much higher than the predicted neutral
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buoyancy values as expected since very little supernatant was present. A very large and rapid gas
release was observed in tank S-106 sample when the gas fraction dropped from the maximum
51% to 30%. This is consistent with the behavior of relatively weak waste (<50 Pa). The gas
fraction then increased slightly for the remainder of the test. The gas releases from tanks A-101
and U-103 samples were characteristic of somewhat stronger material (~70 Pa) where the
releases were smaller and more gradual.

The bubble shape was also consistent with the observed strength of the waste as determined from
prior studies with simulants and other waste samples. Bubbles remained approximately spherical
until coalescence above 30% gas fraction created larger dendritic shaped bubbles.

6.2.3 Summary of Gas Retention Test Results

The results of these tests have repeatedly confirmed that actual waste samples and the various
simulants all behave basically as predicted by the bubble retention theory outlined in Section 6.1.
This indicates that the mechanisms of bubble retention are determined mainly by the physical
properties of the waste and not by the chemistry (except to the extent it influences the physical
characteristics). Relatively weak, wet waste is capable of retaining a significant volume of gas
and can release large fractions of it suddenly. This can occur only at higher void fractions than
that found in the SSTs, and there is no evidence of this behavior having occurred in the tanks.
Stiff wastes develop connected pathways that allow gas to escape continuously and limit gas
retention. This suggests that removing liquid from waste by saltwell pumping is an effective
method for reducing retained gas volume and the potential for spontaneous gas releases. The
post-pumping gas monitoring data tend to confirm this effect (see Section 7.0).

6.3 RETAINED GAS SAMPLER GAS RETENTION MEASUREMENTS

Retained Gas Sampler samples were obtained from tanks A-101, AX-101, BY-109, S-102,
§-106, SX-106, U-103, and U-109 during 1996 - 1998. Tanks were selected because of evidence
of significant gas retention and to provide samples from farms with tanks on the Flammable Gas
Watch List. Tanks BY-109 and S-106 are not Flammable Gas Watch List tanks, because of
special features that may cast some light on interpretation of data for Flammable Gas Watch List
tanks. The average gas volume fraction and total retained gas volume for each tank was
determined from local gas volume fraction data measured with the RGS. The data are presented
in Section 6.3.1, and the calculated gas inventories are summarized in Section 6.3.2. Tanks
A-101, AX-101, 5-102, S-106, S-111, SX-106, U-103, and U-109 have all undergone saltwell
pumping since the RGS data were taken, and the gas fraction distributions and gas volume
estimates made prior to pumping no longer apply to these tanks.
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6.3.1 Retained Gas Fraction Measurements

High gas volume fractions were measured in several SSTs, consistent with the inability of SST
nonconvective layers to undergo buoyant gas releases that would reduce the average gas volume
fraction to the values typical in DSTs. The highest gas volume fraction measured in an SST RGS
sample was 42 vol% in a sample taken near the top of the waste in tank U-103. This measured
void was about equal to the maximum gas volume fraction of 43 vol% that was measured in
laboratory gas-retention tests carried out with a composite sample from the middle of tank U-103
(as summarized in Section 6.2). Tanks SX-106, S-102, and U-109 also contained waste samples
with more than 30 vol% gas. The maximum gas volume fractions measured in tank S-102
samples were roughly consistent with the maximum gas volume fractions found in laboratory
gas-retention tests with waste samples from tank S-102 (Gauglitz et al. 1996; Rassat et al. 1998).

Plots of the local gas volume fractions measured by the RGS in SSTs between 1996 and 1998 are
shown in Figures 6-3 through 6-11. The plot legends show each riser of an RGS core sample.
The “error bars” are sized to show the core segment length of 19 in. and do not indicate
uncertainty. ‘

There were not enough data for any SST to show whether the shapes of the void profiles differed
significantly between risers. However, there does seem to have been some difference in profiles
between the tanks, The gas fractions in tanks A-101 and S-111 increased monotonically with
depth in the solid layer. Both of these tanks had maximum measured gas volume fractions of
less than 25 vol%. A parabolic profile, similar to that seen in DSTs, is suggested (but not
proven) by the measurements made in tank SX-106. Tank SX-106 had a deeper supernatant
layer than any of the other RGS-sampled SSTs and, in this regard, had a waste configuration
more similar to the DSTs. Other tanks that also had gas volume fractions greater than 30 vol%,
but did not contain any significant amount of supernatant, showed no apparent pattern in gas
volume fraction. This group of tanks included tanks S-102, U-103, and U-109.

The plots include notes on composition variation in cases where substantial variation was

present. There is no recognizable relationship between the waste composition and the gas
volume fraction.
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Figure 6-10. Tank 241-U-103 Void Profile (1997 Data)
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6.3.2 Calculated Retained Gas Inventory from Retained Gas Sampler Data

This section summarizes the retained gas volumes and other quantities of interest calculated from
RGS measurements in the nine SSTs that were sampled with RGS system. The average gas

volume fraction and retained gas volume for these tanks have been calculated from the local RGS
void fraction data shown in Section 6.3.1.

The data reduction model and the uncertainty are described in Mahoney et al. (1999). The total
gas volume is calculated as the sum of non-supernatant layers represented by an RGS core
segment. The boundary between layers is the midpoint of the vertical distance between segment
centers. Given the average void fraction, o, in a layer i, the in-situ gas volume held in the layer

is calculated by:
V, =0,AH,

where:

H; =the layer thickness and

A =the tank area.

(6-5)
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The gas volume corrected to standard temperature and pressure is then given by:

[~

V,=v, L (6-6)
P

3

3

i

where:
pi and T; are the average pressure and temperature in the layer, respectively, and
p and T are standard atmospheric pressure (101.32 kPa) and temperature
(298 K), respectively.

The product of temperature and pressure ratios [coefficient of V; in Equation 6-6] is termed the
“effective pressure ratio.” Table 6-1 gives the calculated void fractions and gas volumes for all
nine tanks using the RGS data set. Because of the small number of RGS samples in a tank, there
is a high uncertainty in the representativeness of the average, and it is not possible to formally
quantify it. For this reason, a + 50% uncertainty is assigned to the average void fraction and the
gas volumes derived from it.

Table 6-1. Retained Gas Volume for Single-Shell Tanks from R

o - Wa
Tank ® | ‘Dept
m) )
A-101* 412+ 15 0.18 £ 0.09 304 + 160 1.18 358 + 180
AX-101* 355+ 15 0.17+0.08¢ 247 £ 120 1.14 282 + 140
BY-109 279 +8“ 0.094 + 0.05 108 + 50 1.20 130 £ 65
S-102* 519+9 0.26 +0.13 554 + 280 1.20 663 + 332
S-106 411 +48° 0.10 £ 0.05 168 + 84 1.32 223 + 111
S-111* 505 + 10 0.15+0.08 310 + 155 1.42 440 + 220
SX-106* 320 + 24 0.26 + 0.13 340 + 170 1.43 487 + 240
U-103* 394 + 16 0.19 £ 0.10 307 + 150 1.19 365 + 180
U-109* 432 + 19 0.22+0.11 390 + 195 1.28 500 + 250
Notes:

(a) Asterisk indicates the tank is on the Flammable Gas Watch List.

{(b) Waste depth at the time of RGS sampling. Does not include any supernatant.

(¢} Volume does not consider the effect of the dished tank bottom as was done in Mahoney (2000)

(d) Only one RGS sample was taken in tank AX-101. Uncertainty may be higher than the assigned
+ 50%.

(e} ThelLL intank BY-109 is well below the surface. RGS samples were taken only below the ILL.
The waste depth tabulated for tank BY-109 is actually the ILL.

(f) The uncertainty in waste depth in tank S-106, at the time of RGS sampling, is taken to be the depth
of the supernatant layer, 48 cm, since solids extended more than a meter above the supernatant at
the periphery.
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6.4 OTHER ESTIMATES OF RETAINED GAS VOLUME

The RGS was designed to measure the composition and volume fraction of retained gas but only
produces a few data points in a tank. Although gas fractions measured in each RGS segment are
relatively accurate, it is doubtful whether these few measurements represent the entire tank. Two
additional methods are described in this section that can estimate the retained gas volume more
globally. Section 6.4.1 describes the Barometric Pressure Effect method and Section 6.4.2
explains how a rough estimate of the gas fraction can be obtained from neutron logs.

6.4.1 Gas Volume from Barometric Pressure Effects

The gas volume stored in a tank can be estimated from the response of the waste surface level to
fluctuations in barometric pressure, resulting in compression and expansion of stored gas. This
model is referred to as the Barometric Pressure Effect (BPE) model. A detailed derivation of the
BPE model is given in Appendix B of Hedengren et al. (2000). Only the salient equations are
summarized here. The BPE in-situ gas volume is calculated by:

dL
Vg = —Apgp -(.Il“}—)h 6-7)
o

where the effective pressure for barometric pressure response is defined by:

| | f
=V |4 (6-8)
Pspe ;l:p,.:|

and fj is the fraction of the total in-situ gas stored in layer i:

_Ag,H,
VG

, 6-9)

To determine the in-situ gas volume accurately, the BPE model requires sensitive and frequent
level measurements over a sufficient period of time to establish a good level-pressure correlation.
It also requires an estimate of the vertical distribution of gas. The uncertainty of the BPE model
is estimated to be = 10 to 50% of the in-situ volume.

The tank conditions where the BPE model can be applied are listed in Hedengren et al. (2000).
The waste must be liquid-saturated and relatively uniform laterally. The BPE cannot be applied
in tanks that have had liquid removed by saltwell pumping. Some SSTs have a “jelly donut”
configuration (see Section 4.0) where the outer waste is dryer and stronger than the mobile wet
waste in the middle. Tanks where the level is measured near the center may have “amplified”
dL/dP values, such that the BPE method overestimates gas. The BPE method may underestimate
those with level measurements near the periphery.
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The BPE volume estimates prior to saltwell pumping are given in Table 6-2 for the set of SSTs
including those on the Flammable Gas Watch List plus additional SSTs for which BPE estimates
were possible. Single-shell tanks that are not on the Flammable Gas Watch List are included to
give a more complete picture of the gas retained in the Hanford Site SSTs. The BPE estimates
for tanks with RGS data (tanks A-101, BY-109, S-102, S-106, S-111, U-103, and U-109) use the
measured barometric pressure response with the effective pressure and pressure ratio calculated
from the gas distribution derived in the RGS data using Equations 6-6 and 6-9. The other tanks
nsed an effective pressure based on the relative gas distribution implied by neutron probe
profiles.

Table 6-2, _Barometric P!-e_s_sm_'g Effect _G_as_ Yolume_Estimates _in S_i_n_gl_e-Shell Tanks

: @m) | (mkPa) | @) | @m) | @)
A-101*% | 1,30 £0.07 -0.46 £0.041 250+ 28 1.18 295 +33
AX-101* ALCs hold crust near ENRAF™ in place, no BPE calculation performed.
AX-103* Waste level ~ 40 inches, no BPE calculation performed.
S-101 1.20 £ 0.05 -0.17 £0.01 83+5 1.13 94+ 6
S-102% -| 1.26 +0.06 -0.44 £0.03 228 +20 1.20 27322
S-103 1.22 +0.05 -0.29 £0.02 145+ 14 1.21 175 £ 17
S-106 1.45+0.11 -0.69 £0.13 414 £90 1.32 547 + 120
S-107 1.39 + 0.09 -0.074 £ 0.04 43 +24 1.33 57+32
S-111* | 1.45+0.11 -0.48 £0.05 288 +44 1.42 410 £ 62
S-112* ILL is 65 in. below waste surface, no BPE calculation performed.
SX-101* dL/dP data inconsistent
SX-102* dL/dP data inconsistent
SX-103* dL/dP data inconsistent
SX-104* No apparent dL/dP correlation
SX-105* dL/dP data inconsistent
SX-106* { 1.50%0.12 -0.36 £0.05 224 + 39 1.43 320 + 56
SX-109* Waste level ~ 95 inches, no BPE calculation performed.
T-110% No apparent dL/dP correlation
U-103* | 1.20+0.05 -0.42 £0.12 210 + 63 1.19 250 =75
U-105% | 1.35+£0.08 -0.27 £0.11 151 + 62 1.32 200 + 82
U-106 1.19 £ 0.05 -0.07 +0.01 35+16 1.19 42+ 19
U-107* | 1.21 +0.05 -0.23 £0.06 117 £31 1.21 140 + 38
U-108*% | 1.41+0.10 -0.35 £ 0.06 205 + 40 1.39 285 + 56
U-109* | 1.28 +0.07 -0.28 £0.08 148 £ 45 1.28 190 + 58

{a) Asterisk indicates tank is on the Flammable Gas Watch List
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The set of tanks, SX-101, $X-102, SX-103, and SX-105, were found to have such widely varying
barometric pressure responses that no meaningful estimate of gas volume could be made. In the
U-Farm tanks, the ENRAF™ is near the tank wall (32-ft radius) and could be suspected of
registering less than the full response of the waste to barometric pressure. However, the surface
photographs of the U-tanks show a liquid layer over most of the surface and, therefore, the BPE
results for these tanks are considered acceptable. The BPE volume of tank S-106 far exceeds the
volume derived from the RGS data. This may be due to a much more pronounced “jelly donut”
configuration in tank S-106 than the other RGS-sampled SSTs. The ENRAF™ ig near the tank
center; therefore, the barometric pressure response may be considerably amplified in this tank.

6.4.2 Gas Volume Estimated from Neutron Logs

Another alternative method for estimating stored gas volume is based on the neutron count
profiles measured in the LOWSs using the new LOW Surveillance System described in
Section 2.8. This method is based on the two major assumptions that the neutron count is
reduced mainly by the presence of retained gas and not by vaniation in the composition of the
solid and liquid waste. It is also assumed that the maximum count on the neutron log is a
gas-free layer that can be used as the reference count for gas volume fraction estimates.

The in-situ gas volume is calculated from the neutron log by finding the 90" percentile count
rate, Nog, and treating it as the count rate for the gas-free waste. Then the local gas vqlume
fraction at each point in the profile is calculated simply as:

o, =1-N,/N,, (6-10)

where:
0; is the local gas fraction at probe position i, and
N; is the local count rate,

The average gas volume fraction is then found by integrating the gas fraction profile over the
wetted waste depth, from the ILL to the bottom, using Simpson’s Rule. It should be noted that
this method, like the RGS, gives a gas inventory for the area at a particular riser, which may not
represent the average over the whole tank.

Figure 6-12 shows a sample gas fraction profile for tank SX-106, together with RGS data (shown
as black squares). While the two sets of data do not agree point-for-point, both show that the
void is near zero in the supernatant layer and both indicate the same peak value. The figure also
shows the average gas fractions found by the BPE method (heavy black line) and by neutron log
integration (dashed line).

Neutron log integration can be applied to any tank that contains an LOW. It depends on two
major assumptions. The first is that the maximum count rate in the tank is found in a liquid-
saturated region with no retained gas. This will hold true in any tank with a liquid layer more
than a few inches thick. In a tank where there is no distinct liquid layer, all the waste may be
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gassy to some extent. In this case, the neutron log will systematically underestimate the gas
fraction because the measured Nog contains void and, therefore, underestimates the true gas-free
count rate.

The effect of variation in the composition of the solid and liquid waste on the neutron count
depends primarily on the vanation in the density of hydrogen atoms in the waste. Hydrogen
atoms are found in the greatest density in water and also in hydroxides of low-molecular-weight
metals, typically AI(OH);. Other common waste constituents, such as NaNOs, also slow
neutrons, but much less effectively. Major variations in the amount of water and hydroxide in
the liquid and solid part of the waste are, therefore, a potential source of error in using the
neutron logs to determine the gas fraction. But, the uncertainty introduced by chemistry variation
cannot be estimated a priori. To represent all these factors, a £ 50% uncertainty is applied to all
gas volumes estimated via this method as was done for the RGS gas volumes.
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Figure 6-12. Tank 241-SX-106 Void Profile from Neutron Probe

Table 6-3 gives the average void fractions and gas volumes obtained from neutron log integration
for a number of SSTs, including some that are not on the Flammable Gas Watch List. Each of
the gas fractions in the table derived from neutron logs is the average over five logs measured in
1997 through 1998. The ILL is the value in December 1997. The effective pressure ratio is
taken from RGS measurements, where available or derived from the gas distribution implied by
the neutron profile. The standard deviation of the gas fraction over five profiles was always

1 vol% or less. The neutron log integration results appear to be as consistent with BPE and RGS
results as they are with each other.
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_Table 6-3 Average Gas Fraction and Gas Volume Estimates from Neutron Logs

vg. Gas In-Situ Gas Standard Gas
Tank m i Fj:aftl(ﬁl & (ILL (em)| Vollslme (m } PEFF (atm) - Volume (m3)
A- 101* 0.073 914 274 £ 135 1.18 323 + 160
AX-101* 0.080 691 230+ 110 1.14 260 + 130
AX-103* No neutron log available
BY-109 0.12 279 140 + 68 1.20 168 + 84
S-101 0.036 411 60 + 30 1.13 68 + 34
S-102%* 0.064 492 130 + 65 1.20 155 + 80
§-103 0.12 268 130 + 65 1.21 157 + 80
S-106 0.14 460 264 + 130 1.32 350 =175
S-109 0.094 361 140 = 70 1.20 170 + 85
S-111% 0.077 516 160 + 80 142 230+ 114
S-112* 0.086 120 40 + 20 1.15 46 + 23
SX-101* 0.048 411 80 £ 40 1.16 94 + 47
SX-102%* 0.072 491 145+ 70 1.19 170 x 85
SX-103* 0.24© 600 591 1.33 786
SX-104* 0.079 550 180 + 90 1.40 250 £ 125
SX-105% 0.055 606 140 £ 70 1.29 180 + 90
$X-106* 0.13 503 270 + 135 1.43 386 + 190
SX-109* No neutron log available
T-110* 0.027 371 40 + 20 1.20 50 25
U-102 0.11 371 170 + 85 1.32 220+ 110
U-103* 0.15 452 280 + 140 1.19 330 + 160
U-105* 0.15 417 260 + 130 1.32 340+ 170
U-106 0.048 229 45 + 20 1.19 50 +25
U-107* 0.11 397 180 + 90 1.21 220+ 110
U-108* 0.19 452 350 £ 175 1.39 490 * 240
U-109* 0.12 450 220+ 110 1.28 284 + 140
U-111 0.087 332 120+ 60 1.34 160 + 80

Notes:

(a) Asterisk indicates the tank is on the Flammable Gas Watch List.

(b} Averaged below the ILL. For tanks A-101 and AX-101 the average includes the liquid layer.

(c) The neutron log suggests a region of low liquid content in tank SX-103 at the LOW riser between
50 and 120 in. elevation. The high implied gas fraction is considered to be anomalous.
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6.5 CHANGES IN RETAINED GAS VOLUME WITH TIME

The gas volume estimates developed from RGS data represent tanks conditions at the time of
sampling in 1996 through 1998. It is possible that the gas volume may have changed in the
several years since. The most precise indicator of long-term net gas retention or release is the
waste level. Based on the essentially constant waste level and ILL shown in the plots provided in
Section 4.1, there has been no significant change in the retained gas volume in the tanks that have
not been pumped.

This conclusion is supported by the absence of distinct trends in the response of waste level to
barometric pressure fluctuations (dL/dP). The SSTs of interest for which three or more full years
of dL/dP data were available are tanks S-103, S-106, S-107, S-111, SX-106, U-103, U-105,
U-106, U-107, and U-109. The dL/dP values for these tanks are given in Table 6-4. The only
tank for which any trend is apparent is tank S-111; the dL/dP has been decreasing. However, the
apparent trend is within the uncertainty of the data and is contradicted by the waste surface level
trend, which shows (if anything) a slight increase. The BPE method is not sensitive enough to
capture such a small change in volume.

Although it is not possible to quantify very accurately, the saltwell pumping process releases a
significant fraction of the retained gas in a tank. As discussed in Section 7.2, an estimate of the
hydrogen release rate during pumping is made for tank S-106. Approximate integration of the
hydrogen release rate over the pumpmg period indicates a total hydrogen release of 100 + 30 m’
for a total release of 160 + 40 m’ using 63 vol% hydrogen as measured by the RGS (see

Section 5.4.1). This volume rangcs from 30% of the 547 m’ standard volume calculated with the
BPE method to 46% of the 350 m* of the volume estimated from the neutron logs or 70% of the
223 m’ determined from the RGS data. It could be said that on the order of half of the retained
gas volume in tank S-106 was released by saltwell pumping. Similar fractions could be expected
in other tanks.

Table 6-4. Multl-year Barqmetnc Pressure Response Trends in Some Smgle-Shell Tanks

sk SLIGP P by cledar yars_
DRI f- o -'19_961-_3' L1997 | 1998 1999
S-103 -(.30x0.05 -0.29+0.03 -0.29+0.02 N/A
S-106 -0.72+0.20 -0.6210.14 -0.69+0.13 N/A
S-107 -0.09+0.02 -0.100.02 -0.08+0.03 -0.07+0.04
S-111 -0.52+0.08 -0.48+0.05 -0.49+0.09 -0.45+0.10
$X-106 -0.30+0.05 -0.36x0.06 -0.360.05 N/A
U-103 -0.39+0.06 -0.39+0.06 -0.42+0.12 N/A
U-105 -0.30+0.05 -0.2710.07 -0.2710.11 -0.27+0.04
U-106 -0.07+0.03 -0.060.08 -0.03+0.03 -0.08+0.06
U-107 -0.24+0.03 -0.21+0.05 -0.24+0.04 -0.23+0.06
U-109 -0.32+0.11 -0.29+0.09 -0.29+0.08 -0.2820.08
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6.6 SUMMARY OF GAS RETENTION IN SINGLE-SHELL TANKS

The experience with DSTs showed that the data from the Void Fraction Instrument (VFI)
provides the best estimates of the retained gas volume in the waste (Hedengren et al. 2000;
Barker et al. 1999). However, the VFI could not be operated in SSTs because of their higher
waste strength. The only actual in-situ gas fraction measurements available are data from one to
six RGS segments per tank for several SSTs. Since the uncertainty of gas volume estimates from
such sparse data is high, other equally uncertain gas volume estimates from application of the
BPE method and integration of neutron logs must also be considered. The best estimate of the
retained gas volume is determined by engineering judgement based on the preponderance of data
from these sources and available ancillary evidence such as cumulative waste level rise and gas
release history. The pre-saltwell pumping retained gas volumes and the overall best estimate are
summarized in Table 6-5.

Table 6-5. Summary of Best Estimate Retained Gas Volumes

(a)

Tank RGS BPE Neutron'Log | Best Estimate | Pumping Status
A-101 358 £ 180 295 £33 323 + 160 325+ 80 In progress
AX-101 282 + 140 260 + 130 270 = 100 In progress
AX-103 No gas volume estimate available
S-102 663 + 332 273 £ 22 155 + 80 215 £ 60 In progress
S-111 440 + 220 410 £ 62 230+ 114 360 + 85
S-112 46 +23 46 +23
SX-101 04 + 47 94 + 47 In progress
SX-102 170 + 85 170 *+ 85
SX-103 No gas volume estimate available
SX-104 250 £ 125 250 £ 125 Completed
SX-105 180 + 90 180 + 90 In progress
SX-106 487 + 240 320 + 56 386 = 190 400 = 100 Completed
SX-109 No gas volume estimate available
T-110 5025 50 £25 Completed
U-103 365+ 180 250 £ 75 330 £ 160 315+ 80 Completed
U-105 200 + 82 340 £ 170 270 £ 90 Completed
U-107 140 + 38 220+ 110 180 £ 60
U-108 285 £ 56 490 + 240 390 + 120
U-109 500 + 250 190 + 58 284 + 140 320 + 100 In progress
{a) RGS and BPE volume estimates are given only where data was available for the calculation.

The table shows that most of the SSTs on the Flammable Gas Watch List contain 100 to
300 cubic meters of gas, more than most of the DSTs. However, the gas volumes are not

growing, and there is no known mechanism for, or evidence that any large fraction of this gas can

be released suddenly (Johnson et al. 1997). Saltwell pumping appears to reduce retained gas
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volumes and the propensity for spontaneous releases. The remainder of this section discusses the
gas retention status, including the progress and effects of saltwell pumping, and rationale for the
best estimate of the gas volume in each of the tanks.

Tank 241-A-101: Intank A-101 gas is retained in the floating solids layer in this tank.

Although the waste level and ILL have been dropping 0.2 to 0.3 in. per year, this tank has had the
most frequent spontaneous GRESs of the SSTs. There have been 57 small GREs (maximum
hydrogen concentration was 8§37 ppm) recorded since the SHMS-E+ was installed in

February 1998; most were associated with a drop in barometric pressure (McCain 2000).

The gas fraction measured by the RGS ranged from 0.16 to 0.22, increasing monotonically with
depth. Estimates of gas volume from all three sources (RGS, BPE, and neutron logs) all agree
quite closely. The best estimate of 325 + 80 cubic meters (11,500 + 3,000 scf) is taken as the
average of the three.

Saltwell pumping has barely started and has not yet affected the gas volume. Since the gas is in

the floating layer, it is anticipated that only a small fraction of the gas will be released until after
the liquid layer is removed as was the experience with the somewhat similar waste configuration
in tank SY-101 (Mahoney et al, 2000).

Tank 241-AX-101: This tank has a floating solids layer like tank A-101 in which the retained
gas resides. The waste level has been essentially constant, and the ILL has been dropping at
about 0.5 in. per year since 1990. Nine GREs with a peak hydrogen concentration of 540 ppm
have been recorded on the tank’s SHMS-B since 1996.

Only one RGS segment was obtained in this tank with a gas fraction of 0.16. Assuming that the
gas distribution is as smooth and regular as that of tank A-101, this value can be used to
represent the average gas fraction for the floating layer. The retained gas volume calculated from
this assumed average gas fraction matches that obtained from the neutron logs very closely;
therefore, the best estimate of 270 + 100 cubic meters (9,500 x 3,500 scf) is taken as the average
of the two. Since the ENRAF™ level gauge in tank AX-101 is near several airlift circulators
which locally restricts waste response to barometric pressure, no BPE calculation can be made.

Like tank A-101, saltwell pumping has thus far had a minor effect. Except for the potential
effects of waste disturbance as the floating layer descends around the airlift circulators, the
greater part of the gas release is expected to occur after the liquid layer is removed.

Tank 241-AX-103: There are only about 40 inches of waste in this tank. The waste level has
been decreasing over the last ten years; therefore, gas is not accumulating. No gas releases have
been observed in the SHMS-B data since the system was installed in March 1995, because the
sampling line was plugged. There are no other data available from which to estimate the retained
gas volume.
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Tank 241-S-102: Prior to saltwell pumping, the waste level and ILL in this tank were high and
had been growing about 1/2 inch per year. Because of this level rise rate and early BPE
estimates, tank S-102 was suspected of having a very large retained gas volume. However, no
spontaneous gas releases have been recorded on its SHMS since it was installed in 1995.

The four RGS gas fractions obtained in 1998 alternated between about 0.1 and 0.3 with an
average of 0.26. This average gas fraction corresponds to a standard gas volume of

663 + 332 cubic meters. However, the estimate from the BPE method was only 273 + 22 cubic
meters, and the volume derived by integrating the neutron logs was 155 + 80 cubic meters. The
high RGS volume is discounted because there were only four RGS measurements in a single riser
and these were widely scattered. The low neutron log value of 155 % 80 cubic meters is
supported by the cumulative level rise of 10 inches since 1981 (Whitney 1995) which
corresponds to a gas accumulation of 125 cubic meters at a pressure of 1.2 atm. The best
estimate of 215 £ 60 cubic meters (7,600 * 2,100 scf) is the average of the neutron integration
and the BPE result.

This retained gas volume estimate is obsolete because pumping is well underway in tank S-102.
The waste level has already fallen by over 30 inches, and the November 2000 neutron log
indicates the waste had been affected down to the 120-inch elevation. While it is not possible to
accurately calculate the gas release from saltwell pumping with the SHMS-B data, the hydrogen
concentration has been as high as 2,500 ppm during the pumping period indicating retained gas
was released (see Appendix A of McCain 2000).

Tank 241-S-111: This tank has not been saltwell pumped and is very wet with approximately a
meter of supernatant. The waste level is close to 205 inches and has been growing very gradually
(< 0.2 in, per year) since 1990. Tank S-111 has been one of the more active tanks in terms of
spontancous GREs. Thirteen have been recorded on its SHMS-B since it was installed in

March 1995. The maximum headspace hydrogen concentration was 1,670 ppm.

The five RGS segments obtained from a single riser (Riser 6) in October 1998 showed a
parabolic gas fraction profile increasing from 0.01 at the 190-inch elevation to 0.23 at 38 inches
with an average gas fraction of 0.15. The gas volumes obtained with the BPE calculation and
integration of the neutron logs overlap that of the RGS within their uncertainties; therefore, the
best estimate is taken to be the average of 360 £ 85 cubic meters (12,700 = 3,000 scf).

Tank 241-8-112: Tank S-112 was saltwell pumped in 1978. The waste surface appears dry with
a deep, irregular depression around the saltwell screen. Since 1981, the waste surface level has
subsided about five inches while the ILL has increased about 10 inches (Whitney 1995). The
increase in ILL is probably a result of liquid drainage from subsaturated solids above but might
also indicate gas accumulation. The ILL is currently more than 60 inches below the waste
surface, and the November 2000 neutron log indicates very little liquid above it. No GREs have
been recorded since the SHMS-B was installed in 1995. Neutron log integration yields a retained
gas volume estimate of 46 + 23 cubic meters (1,600 + 800 scf). If the rise in ILL were assumed
to be the result of gas accumulation, the recorded 10-inch rise would indicate 54 cubic meters of
gas assuming a porosity of 0.4 and a gas pressure of 1.3 atm.
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Tank 241-SX-101: This tank contains about 167 inches of waste. Except for a recent rise
attributed to water addition while installing a saltwell screen, the ILL has been decreasing
steadily since 1990 (the waste level was in intrusion mode until 1998). No GREs have been
recorded on the SHMS-B since it was installed in March 1995. The retained gas volume
estimate from the neutron log is 94 * 47 cubic meters (3,300 + 1,700 scf). The BPE method
yielded erratic results and was not considered useable. Saltwell pumping had not yet affected the
gas retention data at the time of this writing, December 2000, but will shortly make retained gas
estimates obsolete.

Tank 241-SX-102: Both the waste level and ILL have decreased about 10 inches, to the current
level of 193 inches since 1981 (Whitney 1995). No GREs have been recorded since the
SHMS-B was installed in March 1995. The retained gas volume estimate from the neutron log is
170 % 85 cubic meters (6,000 + 3,000 scf). The BPE method yielded erratic results, and was not
considered useable.

Tank 241-SX-103: The waste level and ILL in tank SX-103 were about 234 inches before
saltwell pumping began October 26, 2000. The waste level had decreased 15 inches and the ILL
9 inches since 1981 (Whitney 1995). Ten spontaneous GREs were recorded on the tank SX-103
SHMS-B since it was installed in March 1995 with a maximum hydrogen concentration of 640
ppm {McCain 2000).

As in all SX-tanks except tank SX-106, the BPE results are erratic and unusable, and only the
neutron log is available for a gas volume estimate. However, the neutron log appears to have an
anomalously low count that would indicate gas fractions locally approaching 0.50 with an
average of 0.27. The corresponding high retained gas volume approaching 800 cubic meters
(28,000 scf) is discounted based on the long-term decline in waste level. In any event, any
discussion of retained gas volume is made obsolete by the progress of saltwell pumping.

Tank 241-SX-104: This tank was saltwell pumped from July 1998 to July 1999 and was
declared interim stabilized April 26, 2000. Prior to pumping the neutron logs indicated a
retained gas volume of 250 + 125 cubic meters (8,800 £ 4,400 scf). No BPE or RGS data were
available. Three very small (200 ppm peak hydrogen concentration) spontaneous GREs were
observed from December 1995 to November 1996,

Pumping removed 125 kgal and dropped the waste level by 50 inches to 168 inches and the ILL
by 120 inches to 95 inches. The waste surface appears to be dry, and there are cracks and shelves
typical of drying and subsidence (Hanlon 2000). The November 1999 and 2000 neutron logs
show most of the liquid removed down to about 100 inches. No spontaneous GREs were
recorded on the tank’s SHMS-B during the year following pumping.
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Tank 241-SX-105: Saltwell pumping began in tank SX-105 August 8, 2000, and 132 kgal of
liquid have been removed as of December 2000. The waste level has dropped 84 inches to 155
inches. No neutron logs are available that show the effect of pumping on the ILL or liquid
distribution. The pre-pumping retained gas volume estimated from the neutron logs was 180
90 cubic meters (6,400 + 3,200 scf) and is now obsolete.

Tank 241-SX-106: Pumping began in tank SX-106 October 7, 1998, and ended December 21,
1999. The tank was declared interim stabilized on May 5, 2000. The waste level is smooth and
dry with no appearance of standing water. The waste slopes down from the wall to a large
depression in the center of the tank. A second depression surrounds the saltwell screen (Hanlon
2000). Pumping removed 160 kgal of liquid and dropped the waste level 94 inches to 104
inches. The November 2000 neutron log shows that the ILL decreased 123 inches to 72 inches
with pumping and a considerable fraction of the liquid was removed above the ILL. No
spontaneous GREs have been recorded on the tank’s SHMS-B since the end of pumping.

Retained Gas Sampler measurements in 1997 showed a parabolic gas fraction profile under a
2-m layer of supernatant. The gas fraction peaked at (.36 with an average of 0.26. The BPE and
neutron estimates were similar to that of the RGS, and the best estimate was taken as the average
of 400 + 100 cubic meters (14,000 + 3,500 scf). However, this estimate is now obsolete.

Tank 241-SX-109: There are only about 96 inches of waste in this tank. In a 1986 photograph,
the waste surface was highly irregular with large mounds of waste encasing the exposed portions
of the airlift circulators. The waste level has been approximately constant over the last ten years;
therefore, gas is not accumulating. McCain (2000) reports one small GRE from SHMS-B data in
December 11, 1995, with a peak hydrogen concentration of 100 ppm. There are no other data
available from which to estimate the retained gas volume.

Tank 241-T-110: This tank was saltwell pumped in 1983 and again in 1997 and 1998.
Photographs of the waste surface in 1984 showed a cracked waste surface with the appearance of
drying mud. The post-pumping BPE calculation showed no retained gas detectable, and the 2000
neutron log indicates a small gas volume of 50 + 25 cubic meters (1,800 + 900 scf).

Tank 241-U-103: Saltwell pumping began in tank U-103 on September 26, 1999, and ended
May 11, 2000. The tank was declared interim stabilized on September 11, 2000. The waste
surface appears dry and shows cracks apparently due to drying and subsidence. The surface
slopes from the wall down to two depressions in the middle of the tank where there is a small
pool of liquid estimated to contain about 500 gallons (Hanlon 2000).

Pumping removed 99 kgal of liquid, which reduced the waste level 17 inches to 160 inches. The
ILL decreased by 118 inches to 60 inches although a relatively high liquid fraction appears to
reside between 100 and 140 inches. During pumping, headspace hydrogen concentrations rose
once to almost 5,000 ppm and twice to over 3,000 ppm (McCain 2000). While it is not possible
to compute the actual volume of gas released during pumping from the SHMS-B data, these
concentrations indicate that a significant fraction of retained gas was released. There have been
no spontaneous gas releases recorded after pumping ceased.

6-27



RPP-7249 Rev.0

Prior to pumping, seventeen small GREs were recorded on the SHMS-B, with a maximum
hydrogen concentration of 1,670 ppm. In 1997 the RGS found one segment near the top of the
waste with a gas fraction of 0.42. However, three more segments at lower elevations showed gas
fractions of only 0,10, making the average gas fraction 0.19. The BPE and neutron estimates of
retained gas volume agreed with the RGS within their uncertainties ,and the best estimate of

315 + 80 cubic meters (11,000 = 2,800 scf) was taken as the average of the three. This gas
volume estimate is obsolete.

Tank 241-U-105: Saltwell pumping began in tank U-105 on December 11, 1999, and ended
Tuly 13, 2000, removing 91 kgal of liquid. The tank is currently under evaluation for interim
stabilization. As a result of pumping, the waste level was lowered 26 inches to 138 inches, and
the ILL decreased 72 inches to 93 inches. The top 20 inches of the waste is still relatively wet,
however. During pumping the headspace hydrogen concentration rose to about 1,600 ppm and
nitrous oxide to almost 5,000 ppm. No estimate of the gas release volume has been made.

Prior to pumping, nineteen GREs were recorded on the SHMS (SHMS-B March 1995 to

May 1998, SHMS-E+ May 1998 to present). The maximum hydrogen concentration was

1,440 ppm. The pre-pumping retained gas volume estimate of 270 + 90 cubic meters

(9,500 £3,200 scf), which was taken as the average of the BPE and neutron integration values, is
obsolete.

Tank 241-U-107: The waste level and ILL in tank U-107 are at 157 inches, of which the upper
20 inches are probably supernatant. Both levels have risen very gradually (< 0.2 in. per year)
since 1990. Fourteen small spontaneous GREs have been recorded by the tank’s SHMS-B since
March 1995. The maximum hydrogen concentration was 1,900 ppm. The best estimate of the
retained gas volume, 180 * 60 cubic meters (6,400 + 2,000 scf), is taken as the average of the
BPE calculation and neutron log integration. The waste level has risen 6 inches since 1981
(Whitney 1995), which would indicate a gas accumulation of 75 cubic meters at 1 atm, assuming
an in-situ pressure of 1.2 atm.

Tank 241-U-108: The waste level and ILL in tank U-108 are at 179 inches, of which the upper
20 inches are probably supernatant. Both levels have been essentially constant since 1990.
Fourteen small spontaneous GREs have been recorded by the tank’s SHMS-B since March 1995,
The maximum hydrogen concentration was 1,530 ppm.

The BPE caiculation of retained gas volume is 285 + 56 cubic meters and the neutron log
integration gives 490 + 240 cubic meters. The average of 390 + 120 cubic meters

(13,800 + 4,200 scf) is taken as the best estimate. The waste level has risen only three inches
since 1981, indicating a gas accumulation of 44 cubic meters, if the in-situ pressure were
1.39 atm.

6-28



RPP-7249 Rev.0

Tank 241-U-109: Saltwell pumping began in tank U-109 March 11, 2000, and is still underway.
As of December 2000, 72 kgal of liquid has been removed, of which possibly 55 kgal was
supernatant. Pumping has lowered the liquid level 18 inches to 159 inches, and the ILL 98
inches to 79 inches. The headspace hydrogen concentration rose to over 4,500 ppm immediately
after initiation of pumping and remained in the range from 3,000 to 4,500 ppm for about

two months. While no accurate estimate of the gas release volume can been made with the
SHMS-B data, this indicates a significant fraction of the retained gas has been released.

In 1998 the four RGS segments recorded gas fractions from 0.15 to 0.30, generally increasing
with depth, with an average gas fraction of 0.22. This gives a relatively high retained gas volume
of 500 % 250 cubic meters. The BPE calculation and neutron log integration gave gas volume
estimates of 190 + 58 and 284 + 140 cubic meters, respectively, which overlap the RGS value
within their mutual uncertainties. The best estimate of 320 + 90 cubic meters

(11,300 = 3,500 scf) was taken as the average of the three. This gas volume estimate is obsolete.
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7.0 SPONTANEOUS AND INDUCED GAS RELEASE BEHAVIOR

Many of the SSTs on the Flammable Gas Watch List store a significant volume (200 to 400 m’,
see Section 6.0) of flammable gas, and some occasionally release a small volume of it into the
tank headspace. Gas releases can also be induced by physically disturbing the waste (e.g., by
core sampling, etc.) and by saltwell pumping. A GRE is characterized by an increase in
measured headspace hydrogen concentration to a peak at least 100 ppm above the steady-state
value over several hours or days followed by a more gradual decrease back to the steady-state
concentration. This return to steady-state concentration in SSTs is influenced primarily by the
passive (or active) ventilation flow rate through the tank headspace.

Hydrogen gas measurements in SSTs from 1995 to the present (McCain 2000) show that
headspace hydrogen concentrations during GREs have not created flammable gas mixtures. The
gas releases induced by saltwell pumping have not raised the hydrogen concentration above 25%
of the LFL for hydrogen. The highest hydrogen gas concentration ever measured by SHMS in
any SST was 7,200 ppm, detected in tank BY-106 during saltwell pumping in 1995 (Watrous et
al. 2000). The next highest was 4,950 ppm in tank U-103 during saltwell pumping in 1999. The
LFL for hydrogen is 40,000 ppm.

This section summarizes the gas releases observed in the SHMS data in terms of volume,
duration, frequency, and their trends. Section 7.1 discusses the methods used to quantify gas
releases and limitations associated with these methods. The spontaneous gas release histories
and trends are summarized in Section 7.2. Induced gas releases are discussed in Section 7.3, and
a summary is given in Section 7.4.

7.1 METHODS USED TO QUANTIFY GAS RELEASES

Gas release volumes are estimated from the measured concentration of hydrogen in the tank
headspace by two methods. The first provides the lower bound based on the peak hydrogen
concentration, and the second gives a best estimate by integrating the hydrogen concentration
transient. The total gas release volume can be estimated by dividing the hydrogen release by the
hydrogen fraction in the stored gas (i.e., as measured by the RGS). However, because the
hydrogen fraction is known only for the nine SSTs sampled with the RGS, only the hydrogen
release volumes are given in this section. Waste surface level drop analysis has also been used to
quantify gas releases and was the only method available prior to SHMS installation. However, it
is only applicable to larger releases of tens of cubic meters associated with a few of the DSTs,'
and none of the GREs considered in this section of this report are based on level drops.

' The early waste level histories of some SSTs show the “sawtooth” level rises and abrupt drops associated with
buoyant displacements in DSTs. However, these occurred when the tanks contained deep supernatant layers and
the liquid-over-solid waste configuration of typical DSTs. None of the SSTs now have that configuration as
discussed in Section 6.0.
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7.1.1 Lower Bound Estimate

A lower bound estimate of the volume of hydrogen released can be determined from the
following equation:

Ve = Vis (L} -2 1) (7-1)

where:
Vr volume of hydrogen released,
VHus tank headspace volume,
[Hz]peax = peak hydrogen concentration, and
[Halpase = steady-state hydrogen concentration before the GRE.

Won

Assuming a well-mixed headspace and zero ventilation rate, a volume of no less than exactly the
peak hydrogen concentration times the headspace volume is required to achieve that
concentration. A larger release actually occurs because headspace ventilation (passive or active)
reduces the peak measured concentration somewhat and gas release continues at a low rate long
after the peak concentration occurs.

This method is subject to the potential error of a local plume of released gas causing a spurious
concentration spike. However, since releases in SSTs are typically several days long and the
mixing time in the tank headspaces is on the order of a few hours, it is reasonable to assume a
well-mixed headspace.

In order to keep a consistent basis and to avoid errors resulting from very noisy SHMS-B data,
the lower bound estimate is used for all hydrogen release volumes in this section.

7.1.2 Integrated Exhaust Hydrogen Concentration

The hydrogen signature of a gas release shows a fairly sharp rise from a steady-state
concentration followed by an approximately exponential decrease back to the steady-state
concentration. The volume of hydrogen released can be calculated by integrating the transient
concentration by means of a two-step process. The first step estimates the vent flow rate during
the GRE with the following equation:

Vs, el
Qy =—H-1n e a-2)
=t [Hz
where:
Qv = estimated ventilation rate,
[Hz], = peak hydrogen concentration,
[Hzlo = steady-state concentration (post release),
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tp = time of peak concentration,
to = time of return to steady-state concentration, and
Vus = headspace volume of the tank.

This equation assumes that the headspace is well mixed, that the hydrogen concentration decays
at an exponential rate, and that the release rate is zero after the peak concentration.

The second step calculates the actual release volume by numerically integrating the measured
headspace hydrogen concentration (in terms of concentration versus time) above the steady-state
value from event initiation through return to steady-state. The total release volume is the product
of the integral and the estimated ventilation rate from Equation 7-2.

This estimation of hydrogen gas release volumes is sensitive to the selected starting point of the
release, the SHMS baseline offset and calibration, the magnitude of the SHMS concentration
peak, and any drift that may occur in the SHMS calibration over the period of several months.
This results in uncertainties on the order of 2 to 3 times the calculated value of the release. The
hydrogen release volumes documented by McCain (2000) were computed with this method.

7.2 SPONTANEOUS GAS RELEASES

Since the initiation of SHMS monitoring in SSTs in 1995, 204 spontaneous GREs have been
observed. Tank A-101 accounts for 28% of these observations, and the tanks in U-Farm account
for another 39% of the GREs. The data given in Table 3-7 of McCain (2000) is summarized in
Table 7-1 for the SST's on the Flammable Gas Watch List and Table 7-2 for the non-Watch List
SSTs with SHMS installed. Hydrogen release volumes in the table are computed using Equation
7-1. Uncertainties are shown when three or more GREs occurred and represent one standard
deviation. None of the GREs listed include those induced by saltwell pumping.

The mechanism by which the small spontaneous gas releases occur in SSTs is not known. As
described in Section 6.1, upward motion of pore-filling or particle-displacing bubbles by
“percolation” is a probable explanation. In a pore-filling bubble, this is believed to occur when
the bubble grows to the point that hydrostatic pressure difference exceeds surface tension forces
holding the bubble in the throat between pores. Similarly, particle-displacing bubbles are
thought to percolate when they grow such that hydrostatic pressure difference exceeds the waste
strength, pinches off the bottom of the bubble, and pushes the top of the bubble upward.
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Saltwell pumping is expected to alter a tank’s gas release behavior. Percolation of particle-
displacing bubbles should be much faster since it does not involve flow of liquid through the
porous medium. This implies that waste where gas is stored primarily in the form of particle-
displacing bubbles should exhibit more and faster spontaneous gas releases than waste that stores
gas as pore-filling bubbles. If saltwell pumping increases the lithostatic load in the waste such

- that all gas is retained as pore-filling bubbles, tanks should have slower and fewer gas releases
after pumping than before. However, as the gas migrates into regions with lower lithostatic
loads, the gas may again displace particles. The particle-displacing bubble region may then
exhibit small spontaneous releases as if from an unpumped tank.

The monitoring data are somewhat inconclusive on the effect of saltwell pumping on
spontaneous gas release behavior. Tank S-112, which was pumped in 1978-1980, and tank
T-110, which was pumped in 1997, have had no spontaneous releases since pumping ended.
More recent saltwell pumping also appears to have stopped gas releases in tanks SX-106,
SX-104, U-103, and U-105. However, tanks BY-103 and BY-109, which were pumped in 1985,
have had several spontaneous releases since SHMS were installed in 1995 that are
indistinguishable from those of unpumped tanks. At the same time, tanks S-102 and S-106 that
store the largest volumes of gas (see Section 6.0), have shown no spontaneous releases at all,
before or after pumping.

Although the release mechanisms are not completely understood, the releases that have been
observed in the SHMS data are uniformly small and slow. The cumulative distribution of all
204 spontaneous releases listed by McCain (2000) is shown in Figure 7-1. The median hydrogen
release volume is about 0.5 cubic meters, and the 99.9 percentile release is only 3 cubic meters.
The Watch List and non-Watch List tanks have essentially the same distribution.

The cumulative distribution of the time to peak hydrogen concentration is shown in Figure 7-2.
The median time to peak is about one day, and many releases require several days to reach the
peak concentration. The shortest time to peak, recorded in five GREs, was about four hours.
The total release durations given by McCain (2000) are about five times the time to peak. There
is no correlation between release size and duration.

Gas releases are becoming fewer, and their duration appears to be decreasing. To investigate the
trends, tanks were chosen that had SHMS since 1995 and have not been saltwell pumped. Data
from tank A-101 was excluded because it represents only the last two years of the period and the
large number of small releases from this tank would dominate the other tanks. The remaining
data represent 82 of the 204 total GREs recorded. The trends of time to peak and lower bound
hydrogen release volume are plotted in Figure 7-3. The hydrogen release volume appears to be
steady while the time to peak has decreased by a factor of about 2 in five years.

A definite grouping of the GREs in the winter months can be seen in Figure 7-3. The gas release
mechanisms are apparently sensitive to the void fraction such that most of the spontaneous
releases occur during periods of large barometric pressure swings in the fall and winter. This is
clearly illustrated in Figure 7-4 that shows the number of GREs in each 3-month period since
June 1995 for the same 84-GRE data set used to establish trends in Figure 7-3. The greatest
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number of GREs occurs in the six months from September through February. It is also clear that
the GRE frequency is decreasing. This result may be slightly skewed since 1996 had 50% more

day-to-day pressure swings exceeding 0.25 in.-Hg than the average of the other years. However,
the number of pressure swings increases from 1997 through 1999, which is opposite the trend in

GRE occurrence.

This and the trend of decreasing GRE duration may be the result of the general cooling trend
observed in essentially all of the tanks (see Section 4.0). The DSTs that have cooled also show a
marked change in GRE behavior (Hedengren et al. 2000).
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Figure 7-1. Cumulative Distribution of Single-Shell Tank Hydrogen Release Volume
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Figure 7-4. Single-Shell Tank Gas Release Event Frequency Trend

7.3 INDUCED GAS RELEASES

Local waste disturbing activities in the SSTs such as equipment installation and core sampling
that disrupt a small fraction of the total waste volume, occasionally result in a temporary increase
in dome space hydrogen concentration. The highest hydrogen concentrations occur during
saltwell pumping, which represents a global disturbance of the entire waste volume. Gas releases
induced by local waste disturbing activities are summarized in Section 7.3.1. The gas releases
associated with saltwell pumping are described in Section 7.3.2.

Retrieval of the waste from SSTs can also be expected to release much of the gas remaining in
the waste. However, there are many different methods currently being considered for retrieval
that will release gas in different ways that will need to be considered in planning the operations.
Sluicing of tank C-106 is the only SST retrieval operation that has been accomplished recently
(Cuta et al. 2000) with the benefit of gas monitoring. But since this case was unique, it is of
limited value in assessing possible releases from other SSTs during retrieval. For these reasons,
gas releases induced by retrieval are not discussed further.
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7.3.1 Gas Releases Induced by Local Waste Disturbances

If a volume of waste containing retained gas is locally disrupted, some gas will be released from
the volume actually disturbed. There is no known mechanism whereby a local disturbance can
“trigger” a large, global release. Gas releases observed as a result of local waste disturbances
have generally been barely detectable, and none have approached 25% of the LFL. A 1996
informal study of 77 waste intrusive activities in 47 separate SSTs showed three probable and
two possible releases of gas associated with the waste disturbance. The “possible” releases were
identified from surface level changes, while the “probable” releases were detected with
headspace gas monitoring equipment. The study then examined gas releases from an additional
61 sampling events and four additional LOW installations. These measurements were made
using a hand-held combustible gas meter at the riser level before the drill string was flushed after
the sample had been removed. A measurable rise in the hydrogen concentration resulting from a
local disturbance occurred in only three SSTs.

7.3.2 Saltwell Pumping Induced Gas Releases

The removal of drainable liquid by saltwell pumping can induce the release of waste gases by
various mechanisms, The pressure within the waste decreases as liquid is removed, which causes
trapped gases to expand and some of the dissolved gases to evolve to the dome space. Both of
these effects result in bubble growth, which may cause either bubble disengagement or
percolation gas release (see Section 6.1). Gas in particle-displacing bubbles too small to release
by these mechanisms may be released when the liquid eventually drains away from around them
(Peurrung et al. 1997). However, even after the bulk liquid has been drained away, some gas
may remain trapped between particles in small, pore-filling bubbles surrounded by liquid held by
capillary forces. Gases in this condition can eventually be released when the entrapping liquid
evaporates or gradually drains away.

The qualitative correlation between saltwell pumping and gas releases is well established by
headspace monitoring data. This is illustrated in Figure 7-5, where the hydrogen release rate in
tank U-105 has been plotted above the daily volume of liquid pumped, for a period including the
start of the pumping campaign. Headspace ventilation rates, determined from a coincident tracer
gas study, were used with the headspace nitrous oxide concentrations to estimate the release rates
shown (Peurrung and Huckaby 2000).

The data in Figure 7-5 suggest a definite relationship between saltwell pumping and gas relcase
rates. Although pumping activities do not always lead to a gas release, there appears to be about
a one-day or more lag between pumping activities and the corresponding gas release. The
correlation between pumping and gas releases is evident from headspace monitoring data in other
tanks being saltwell pumped (Caley et al. 1996, Huckaby et al. 1999, Peurrung and Huckaby
2000, Watrous et al. 2000), but as with tank U-105, the timing and magnitude of gas releases are
apparently also subject to a variety of other factors.
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Available headspace gas monitoring data suggest that the highest induced gas release rates occur
shortly after the onset of saltwell pumping, when the liquid drains rapidly and pumping rates tend
to be high."” This is illustrated in Figure 7-6, where the estimated hydrogen release rate has
been plotted above the pumping rate of tank S-106. Much of the liquid being pumped in this
initial period consists of supernatant and the fluid from the region immediately surrounding the
saltwell screen, which responds quickly to pumping. During the initial phase, the starting and
stopping of the saltwell pump may cause the gas release rates to rise and fall rapidly, as shown in
Figure 7-5 for tank U-105.

Continued pumping exhausts the supernatant and depletes the region near the saltwell screen of
liquid, and the drainage rate tends to decrease. Gas release rates decline correspondingly, as
indicated for tank S-106 in Figure 7-6. In this second phase of pumping, the liquid saturation
interface profile rises gradually from a low point at the saltwell to some higher level near the tank
wall. The majority of liquid being pumped during this phase comes from the regions away from
the saltwell screen. A temporary cessation in pumping has little immediate effect on the drainage
rate far from the saltwell, and the response of the gas release rate is correspondingly damped.
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Figure 7-5. Tank 241-U-105 Hydrogen Release and Saltwell Pumping Rates

" This generalization may not apply to tanks A-101 or AX-101 because the liquid that would be pumped first is
beneath the gas retaining layer,

'* The hydrogen release rate was calculated from hourly hydrogen concentration data and an average ventilation rate
determined from tracer gas studies. The negative gas release rates indicated in Figure 7-5 are not physically
reasonable and indicate that the actual ventilation rate at those times was considerably higher than the 9.1 ft’/min
used in calculations.
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Figure 7-6. Tank 241-5-106 Estimated Hydrogen Release Rate and Pumping Rate

Pumping is stopped when the drainage rate drops below a prescribed level. However, drainage
continues from the outer regions of the waste toward the saltwell screen, as well as, from the
upper regions of the waste that had not drained completely. This continues to release trapped
gases, albeit slowly. The headspace hydrogen and nitrous oxide concentrations in tank S-106, for
example, appear to have been significantly higher for months after saltwell pumping was stopped
than they were before it was started (Peurrung and Huckaby 2000).

Because of its relatively high solubility in the liquid wastes, headspace ammonia concentrations
are not expected to rise and fall as pumping is started and stopped (Peurrung et al. 1997). Unlike
hydrogen and nitrous oxide, which reside mainly as trapped bubbles and migrate rapidly to the
waste surface once released, ammonia resides mainly (dissolved) in the agueous solution and
evolves into the gas phase by evaporation. Consequently, wherever the waste itself remains wet,
there is a reservoir of ammonia that releases ammonia vapor to the headspace as mass transport
allows. Saltwell pumping did not apparently affect the ammonia vapor concentration in tank
U-105 until the supernatant was removed, at which time the increased wetted surface area
(associated with the exposed porous waste surface) resulted in a rapid rise in the headspace
ammonia concentration (Peurrung and Huckaby 2000).

A concern in saltwell pumping is the potential for flammable gas accumulation in the pump pit
during operation. Accordingly, flammable gas monitoring of the pump pit is required during
saltwell pumping. Data from pump pit monitoring has been evaluated by Watrous et al. (2000)
by comparison to concurrent headspace concentrations. While the hand-held flammable gas
monitors typically gave readings in %LFL much higher than the corresponding headspace
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hydrogen concentrations, both measures followed the same trends. Three grab samples of the
pump pit atmosphere analyzed by a gas chromatograph showed that the actual hydrogen
concentration closely matched that of the dome space. None of the samples from the pump pit or
headspace exceeded 25% of the LFL.

7.4 SUMMARY OF GAS RELEASE BEHAVIOR IN SINGLE-SHELL TANKS

No mechanism for large gas releases from SSTs is known nor have any been observed in the
current waste configuration (Stewart et al. 1996). Small spontaneous gas releases have been
observed in many SSTs since headspace gas monitoring equipment was installed in 1995. All
204 observed releases were less than 5 cubic meters, with the median less than one cubic meter.
They are also relatively slow. The median time to peak hydrogen concentration was about one
day, the minimum was about four hours. The highest hydrogen concentration observed in any
spontaneous release was 2,190 ppm, about 5% of the LFL for hydrogen. Spontaneous gas
releases appear to be decreasing in duration and frequency but not in volume. No significant gas
releases have been observed during local waste disturbing activities.

The highest hydrogen concentrations are observed during saltwell pumping. The highest
hydrogen gas concentration measured by SHMS in an SST was 7,200 ppm, detected in tank
BY-106 during saltwell pumping in 1995 (Watrous et al. 2000). The next highest was 4,950 ppm
in tank U-103 in 1999. Releases generally, but not always, follow pumping rate. Pumping
releases a moderate fraction of the stored gas. The small spontaneous releases typical of
unpumped SSTs continued after pumping in at least two tanks, although they appeared to have
ceased in several other pumped tanks.

The sum of gas release experience in the SSTs in the last five years shows that the demonstrable
flammable gas release hazard is negligible and the trend is of decreasing hazard. Saltwell
pumping does not significantly increase the hazard while in progress, and reduces the hazard
when complete.
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8.0 HEADSPACE DYNAMICS AND FLAMMABLE GAS CONCENTRATIONS

Gases are normally released from the waste to the tank headspace in a gradual, essentially steady
manner. As discussed in Section 7.0, some tanks also spontaneously release additional gas
episodically over periods of a few hours or days. Waste intrusion (e.g., core sampling, sluicing,
saltwell pumping) can induce gas releases with a period roughly corresponding to the period of
the disturbance. In each case, the gases from the waste are mixed within the tank headspace and
removed by either active or passive ventilation. The relatively small gas release volumes in
comparison to the much larger tank headspace and the slow release rates compared to even
natural ventilation rates effectively prevent headspace gas concentrations from approaching
flammability.

This section describes the phenomena of headspace mixing and breathing. Section 8.1 discusses
headspace mixing and presents the results of analyses and experiments that quantify the rate and
degree of mixing. Section 8.2 describes the phenomena affecting passive headspace breathing
and provides breathing rates measured in tracer studies. An overall summary is given in

Section 8.3.

8.1 HEADSPACE MIXING AND UNIFORMITY

This section discusses the rates at which gases released by the waste are mixed within the tank
headspace and removed by ventilation. The discussion of waste gas mixing in the tank
headspace is divided into two subsections. First, the scenario of a gradual, essentially steady
release of gases by the waste is discussed, and second, the scenario of a hypothetical sudden,
episodic release of a large quantity of gas is discussed.

8.1.1 Mixing of Gradually Released Waste Gases

Various studies employing numerical modeling and semi-empirical relationships have concluded
that thermally induced convection causes rapid mixing of gases in the tank headspace (Claybrook
and Wood 1994, Postma et al. 1994, Epstein 1995). Radioactive decay of the waste results in
waste surface temperatures that are higher than the temperatures of the tank dome and the ground
above the dome. Airis warmed by the waste surface and rises, displaced by descending air
cooled by contact with the tank dome. This thermally induced convection mixes gases both
vertically and horizontally. The studies indicate that transport and mixing of gases within the
convection zone is generally very rapid compared with average gas release rates and that
concentration gradients within the convection zone are small.

Between the convection zone and the waste surface is a very thin boundary layer region where
mixing occurs by molecular diffusion. It is in this region that fuel and oxidant concentrations
may bath be sufficient to satisfy combustibility criteria.- However, this region represents a very
small fraction of the headspace, and releases of waste gases are almost certainly not distributed
uniformly across the waste surface (i.e., only very small regions at the waste surface might be
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combustible). Epstein (1995) estimated this boundary layer to be on the order of 1.5t0 2.5 cm
thick when the waste surface was only 1.4 °C warmer than the dome space in a typical tank.
Larger differences between the waste and dome space temperatures would produce more
vigorous convection and result in even thinner boundary layer regions.

Tracer gases were used to examine headspace mixing rates in tank S-102 (Huckaby et al. 1997a).
A three-dimensional numerical model was used to predict the time-dependent concentrations of
tracer gases injected into tank S-102 headspace. Two tracer gases, helium and sulfur
hexafluoride, were injected into the headspace, and headspace samples were collected from a
point about 4-m away at intervals of 15, 30, and 60-min after injection. Significant levels of both
tracers were found in the 15-min samples, and both tracers were essentially at their final
concentrations in the 60-min samples. The observed changes in tracer concentrations clearly
indicated rapid convective mixing.

The dominance of thermal convection in the headspace of SSTs is further supported by tests
performed on tanks C-103 and C-111 (Huckaby and Story 1994; Huckaby 1994), which showed
that the gases and vapors in these tank headspaces were not vertically stratified, However, for
tanks with very low heat-generation rates, it has been suggested that there may be periods of the
year when the ground temperature above the tank is warmer than the waste itself, a situation that
does not induce thermal convection. Under these conditions, molecular diffusion and convection
associated with tank ventilation continue to mix headspace constituents, but arguably at rates too
slow to maintain a homogeneous distribution.

To determine whether composition does vary significantly with location in a cool tank, the
headspaces of three waste tanks, selected primarily on the basis of their low waste temperatures,
were sampled at different horizontal and vertical locations during that part of the year when
thermally induced convection would be minimized (Huckaby et al. 1997b). Headspace
composition data from two risers at three elevations in tanks B-103, TY-103, and U-112 were
examined for possible differences by standard analysis of variance (ANOVA) methods. The
ANOVA study concluded that these tank headspaces are essentially homogeneous. No
statistically significant stratification of denser vapors (e.g., carbon tetrachloride, dodecane) or
lighter gases (e.g., ammonia, hydrogen) was detected in any of the three tanks. Although the data
from three tanks do not prove that no tank headspace ever stratifies at any time of year, the tanks
and sampling dates were selected to maximize the possibility of observing stratification.
Furthermore, the only tanks in which stratification may be an issue are the coolest tanks, which
tend to have the smallest rates of flammable gas generation.

8.1.2 Plume Releases

A gas release is termed a “plume release”, if it represents a localized event and the quantity of
flammable gases released is insufficient to exceed the LFL when fully mixed with the ir in the
tank headspace. In general, a plume release is assumed to be flammable as it exits the waste, but
non-flammable after it has been dissipated in the headspace (Johnson et al, 1997). The only tank
known to release enough gas to raise the entire headspace above the LFL was the DST SY-101,
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prior to the installation of the mixing pump. Based on headspace gas monitoring data, there
currently are 19 SSTs that have exhibited small local spontaneous gas releases since 1995 that
might classify as plume releases (McCain 2000).

The main issues concerning plume releases are how long a plume remains flammable and what
gas volume is flammable, at any given time. Plume volume, plume composition, release
duration, release velocity, headspace convection flows, and headspace geometry each affect the
size and duration of any flammable regions. Because it is not practical to collect detailed
measurements of actual plume releases, convection flows, etc., the dispersion of plumes under
various conditions has been simulated by scale experiments and with numerical models. To a
large degree, the results of these studies have been validated by comparison with actual tank data.

8.1.2.1 Plume Dispersion Mechanisms

Dispersion of a plume into its surroundings occurs due to diffusion and turbulent mixing. In the
waste tanks, plume dispersion is also accelerated by ambient convective turbulence in the
headspace. The buoyancy associated with the temperature and composition of the plume
produces a negative radial pressure gradient. The resulting inflow causes the plume to entrain
surrounding air as it rises and dilutes the flammable gas concentration. The effect of buoyancy is
illustrated in the results of a computational modeling study shown in Figure 8-1, where the
hydrogen concentration profile is approximately one minute after the simulated release of

6,400 scf of gas containing 40% hydrogen over an area of 16-ft radius (Antoniak and Recknagle
1997). As it rises, the radial inflow pulls air in toward the center of the narrowing column of
rising gases, and the average hydrogen concentration is rapidly reduced as the plume ingests this
air.

Epstein and Burelbach (1998) examined the behavior of buoyant plumes using laboratory
experiments where fresh water was forced through a porous plate upward into a salt-water
solution of higher density. The dimensions of the fresh water plume as it rose and mixed with
the brine were visible because of the refractive index differences. Epstein and Burelbach
observed that most of the mixing occurred within the mixing layer rather than in the plume itself.
This is an important result because it implies dilution of the plume occurs relatively close to the
waste surface. Epstein and Burelbach (1998) derived a semi-empirical model for the height of
the mixing layer (that portion of the plume immediately above the release area that necks down
due to headspace air inflow). Their equation for mixing layer height is plotted (thick line) as a
function of radius in Figure 8-1 for the same conditions as the numerical simulation depicted in
the figure. As indicated in the figure, both the empirical and numerical model predict
approximately the same behavior of the mixing layer.
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Figure 8-1. Plume H, Concentration Contours for a Release Containing 40 mol% H.,.

Long-term dilution of the plume by means of ventilation air inflow typically occurs over time
scales of many hours or days, and can be considered almost independently of the initial mixing
processes described above. Once it is well mixed, the headspace concentration of H; follows an
exponential decay curve almost exactly (Antoniak and Recknagle 1995).

8.1.2.2 Numerical Simulations of Plumes

The parameter space affecting plume releases and concentrations is enormous. Besides the
composition and temperature of the release gas, the release area and flow rate are also important.
A fast local release (from only a small portion of the crust surface) was expected to behave
different from a slow global release (uniform over the entire crust surface) of the same total
volume. The location of the release (near the tank center versus near the tank wall) is also
believed to affect mixing behavior.
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Computational modeling using the TEMPEST code (Trent and Eyler 1993) developed at the
Pacific Northwest Laboratory was applied to study these complex, combined effects efficiently
over a period of several years. A 3-dimensional, transient model was created to simulate plume
releases in both DSTs and SSTs. The TEMPEST model was qualified by simulating a well-
instrumented thermal plume experiment reported in the literature. The TEMPEST results were
found to match the test data reasonably well, usually predicting somewhat slower mixing than
what was observed (Antoniak and Recknagle 1996a). This evaluation and the qualitative
comparison of the brine-water plume studies shown in Figure 8-1 supports the conclusion that
the TEMPEST modeling approach, even with its inevitable assumptions and simplifications,
correctly captures plume physics.

The first series of simulations (Antoniak and Recknagle 1995) was performed to determine the
peak headspace hydrogen concentrations corresponding to measured concentrations in tank
exhaust flow during gas releases. The simulations showed that plume mixing was rapid in all
cases. Hydrogen concentration gradients in the dome were not large (e.g., the peak headspace
hydrogen concentration differed from the exhaust concentration by about 10 percent), and
decreased after the release ended. The calculated exhaust hydrogen concentration transient
followed the expected exponential decay and matched measured concentration history quite well.
A tank-wide, uniform release rapidly became essentially fully mixed, while a local release
required about 2 hours to be fully mixed. Inflow ventilation air temperature was found to affect
hydrogen concentrations to a small extent. The released hydrogen took somewhat longer to mix
with the headspace atmosphere with cold inlet air (20 °F) than with hot inlet air (120 °F). Butin
both cases the headspace was nearly completely mixed within 2 hours after the release ended.

The releases in the above simulations consisted entirely of hydrogen. The next round of
simulations {Antoniak and Recknagle 1996a) examined the behavior of a much more dense
mixture of 40 mol% hydrogen and 60 mol% nitrous oxide. Additional simulations with varying
release locations and areas again showed rapid mixing of the tank headspace within an hour or so
after the release was over. The use of the heavier mixed gases resulted in significantly lower
concentrations for the same volume of hydrogen released.

The effect of a pre-existing passive or forced ventilation flow field on plume dispersion was also
addressed (Antoniak and Recknagle 1996b). Simulations of a plume containing 50 mol%
hydrogen, 50 mol% air released in a tank with and without forced ventilation showed a negligible
difference in mixing time or degree.

The latest study (Antoniak and Recknagle 1997) examined a broad parametric range of release
volumes and durations. Release volumes ranged from 100 to 6,400 scf of gas containing

40 mol% hydrogen and 60 mol% air. The 6,400-scf release was chosen to be just sufficient to
bring the entire headspace to the LFL for hydrogen, if instantaneously and completely mixed with
the headspace volume. Release areas ranged from 1 to 64 ft* according to the volume such that
the total release time was either 10 or 100 minutes. This range was intended to cover both the
smali, slow releases observed in SSTs as well as the larger, faster ones in DSTs. A conservative
2 °F temperature gradient between the waste surface and the dome was assumed to drive the
natural convection within the headspace.
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The results of the parametric studies were consistent with the earlier results, and with tracer gas
experiments. Except for the largest (6,400 ft) plumes, flammable conditions existed only during
the actual release of the plume from the waste. Long-duration releases {again, except for the
6,400 ft* plume) never become flammable, within the resolution of the TEMPEST model

(2 to 12 ft’ depending on the release area). The 6,400-scf plume, when released over 10 minutes
created a stratified layer with a peak flammable volume of 32,000 ft® that decayed exponentially
down to zero in a little over two hours. The same plume released over 100 minutes created a
peak flammable volume of only 95 ft® at the very end of the release.

8.1.2.3 Conclusions

Plume release simulations have been run that encompassed a broad range of parameters. The
results indicate that all flammable gas plume-type releases that fall within historical SST volume
ranges of up to a few cubic meters (see Section 7.0) will create flammable concentrations in a
part of the headspace only during the actual release itself, and the volume that is flammable will
be very small. Mixing in tank headspaces is so rapid that the flammable volume goes to zero as
soon as the release ends. For hypothetical very large releases of many thousands of cubic feet of
gas containing 40 to 60% hydrogen, flammable gas concentrations can theoretically persist for
several hours in a stratified layer after the release ends.

8.2 HEADSPACE VENTILATION RATES

Headspace ventilation serves to prevent the build-up of flammable gases released by the waste.
Exhausters are used to provide active ventilation of 15 of the 149 SSTs. The remaining

134 SSTs are passively ventilated to the atmosphere via risers equipped with high efficiency
particulate air (HEPA) filters.

8.2.1 Actively Ventilated Tanks

The actively ventilated tanks are listed in Table 8-1 with nominal ventilation rates and calculated
headspace volumes. Waste tank ventilation rates are, in general, not easily determined because
several tanks are connected to each exhauster, and much of the ventilation piping is below grade
and inaccessible for direct measurements. Ventilation rates also tend to vary with time because
of small changes in system performance (e.g., changes in the flow resistance of HEPA inlet
filters). Tanks C-105 and C-106 ventilation rates are estimates of Huckaby et al. (1998). The
waste in tank C-106 was removed by sluicing in 1998-1999 (Cuta et al. 2000). The earlier
estimate of its ventilation rate is obsolete and forced ventilation may be terminated in the near
future. The ventilation rates for the SX-Farm tanks are based on an additive flow through the
3-tank cascades and an estimated 50-ft*/min flow through each filtered breather riser.

8-6
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Antoniak and Recknagle (1995) determined that the rate at which a gas species is removed by
ventilation is first-order with respect to the concentration, which may be expressed as:

C=c,exp{-v(t-10)/V} (8-1)

where:
C is the gas concentration at any time z,
C, is the gas concentration at fp, and

V and v are the headspace volume and ventilation rate, respectively.

That the gas concentration is observed to follow a first-order rate equation implies that the
concentration of the gas in the vented air is the headspace average at any given time, and that the
mixing rate is high compared to the ventilation rate. Table 8-1 includes the “release haif-life,”
defined here to be the time that it would take for the concentration of a gas species in the
headspace to be reduced by a factor of 2. From Equation 8-1, it follows that

e =Yin2) (8-2)
v

Table 8-1. Ventilation Rates of Actively Ventilated Tanks

Ventilation | Headspace Release

Tank ® Type | -Rate | ‘Volume Half-life
@min) | @) | @)
SX-110 SST 50 162,300 37.5
SX-107 SST 50 156,700 36.2
SX-114 SST 50 146,400 33.8
SX-101%* SST 50 109,700 253
C-105 SST 50 96,400 22.3
SX-104* SST 50 88,600 20.5
SX-108 SST 100 159,000 18.4
SX-111 SST 100 153,900 17.8
SX-112 SST 150 158,300 12.2
SX-102* SST 100 98,000 11.3
SX-109# SST 150 138,000 10.6
SX-105* SST 100 79,300 9.2
SX-106* SST 150 98,700 7.6
SX-103* SST 150 83,500 6.4
C-106 SST 350 83,800 2.8

(a) Asterisk Indicates the tank is on the Flammable Gas Watch List
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The release half-life allows a qualitative comparison of the headspace/ventilation systems of
different tanks. It should be noted that the longer release half-lives are mostly associated with
larger tank headspace volumes, which would require greater volumes of flammable gases to
reach the LFL. Tanks are shown sorted by descending release half-life in Table 8-1 to highlight
this correlation.

8.2.2 Passively Ventilated Tanks

Various phenomena induce the exchange of air between the waste tank headspaces and the
atmosphere even when no mechanical exhauster is used. Barometric pressure fluctuations create
pressure gradients between the headspaces and the atmosphere; ventilation risers can act as
venturis in the wind and draw air out of the risers; and buoyant warm air from the headspaces can
move up through ventilation risers or air pathways in pits, to be replaced by cool air via other
pathways. The roles that these and other phenomena play in determining the passive ventilation
rate of a headspace depend on the local meteorology at any given time, certain physical
parameters of the system (e.g., headspace and ventilation system temperatures), as well as, the
configuration of the system (i.e., headspace size, ventilation system components, and connections
to other tanks). Current understanding of these phenomena and conditions is insufficient to
allow tank passive ventilation rates to be reliably predicted a priori; however, passive ventilation
rate data are available for a few tanks, and provide insight into the likely ventilation rates of
others. The data that are available show ventilation rates are generally much higher than the very
small barometric breathing rate of 0.45 percent of the headspace volume per day derived from an
analysis of barometric pressure variations (Crippen 1993).

Huckaby et al. (1998) used a tracer gas method to measure the passive ventilation rates of

13 tanks. The method involved injecting helium into the headspace and periodically sampling
the headspace to determine the helium concentration as a function of time. The ventilation rate
between any pair of samples was then determined from the observed helium concentrations using
Equation 8-1. Ventilation rates were observed to fluctuate significantly between the collection of
tracer grab samples, with the average ventilation rates over 1- or 2-week periods differing
sometimes by a factor of 2. Average ventilation rates measured for selected tanks and the
periods for which the measurements apply are listed in Table 8-2. Values listed in Table 8-2
indicate the widely varying ventilation rates observed in different tanks.

Tracer gas was also used to measure ventilation rates during saltwell pumping of tanks S-106 and
U-105 (Peurrung and Huckaby 2000). These tanks were equipped with gas chromatographs that
measured the helium tracer concentration at approximately 10-min intervals, providing
information about the variations in ventilation rate on a much smaller time scale than the
grab-sample methods used in previous tracer work. The high precision of the tracer gas
measurements (on the order of 1 to 2 percent for most measurements) and relatively rapid
changes in tracer concentration (tracer gas concentration could drop by 10 to 20 percent per day)
allowed the calculation of ventilation rates for periods as short as several hours. Results
indicated no significant diurnal trends; i.e., ventilation rate fluctuations do not appear to be
correlated with time of day. Ventilation rate measurements were conducted for a total of about
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50 days in tank S-106. The ventilation rate was observed to be about 9.1 ft*/min, with a standard
deviation (based on 50 1-day measurements) of 4.5 ft*/min. The tracer gas in tank U-105 was.
monitored for about 101 days, during which the average ventilation rate was calculated to be

3.9 ft’/min, with a standard deviation (based on 101 1-day measurements) of 1.3 ft3/min.

Of the tanks that have had ventilation rates measured with a tracer gas, tank C-107 exhibited the
lowest average ventilation rate. This was unexpected because it is the hottest passively ventilated
tank, and buoyancy forces associated with the headspace-atmosphere temperature difference were
expected to result in above average ventilation rates in this tank, The low ventilation rate of this
tank is apparently due to its lack of significant leak paths; it has no pump or sluicing pits, few
risers from which to leak, and its cascade line connection to tank C-108 may be plugged
(Huckaby and Bratzel 1995). Although it has a filtered ventilation riser (as do all SSTs), it may
lack a second inlet/outlet and thus lacks the ability to establish continuous in- and out-flows.

The passive ventilation rates of the waste tanks appear to depend most heavily on the number and
size of pathways available for air exchange. High ventilation rates were measured in AX-Farm,
where an underground ventilation systern of 20-in. and 24-in. pipes connects the headspaces of
the four AX-Farm tanks, allowing relatively free exchange of air between these tanks. A similar
ventilation system exists in A-Farm. The relatively low ventilation rates measured in S-, TX-,
and U-Farms are consistent with the lack of large inter-tank connections (the only inter-tank
connections are 3-in. cascade pipes), and the field observation that the risers and pit covers of
these tanks would not allow significant fugitive air flow. The 16-ft*/min ventilation rate of tank
BY-105 was the highest observed average ventilation rate among tanks that do not have large
inter-tank connections.

Although local meteorology is thought to have a strong influence on variations in the ventilation
rates of the passively ventilated tanks, no definitive correlations between the average ventilation
rates measured with tracer studies and data from the Hanford Meteorological Station were
established. Furthermore, a yearlong study of tank U-103 indicated only a moderate correlation
between measured ventilation rates and seasonal effects (Huckaby et al. 1998). The correlation
suggests that temperature differences between the headspace and atmosphere do play a role in
passive ventilation (higher rates are correlated with larger temperature differences), but
apparently their effect in this tank is weak. For lack of evidence to the contrary and in lieu of a
more complete data set, the average ventilation rates of individual tanks are assumed to not vary
with seasonal changes.

It is expected that in future years the passive ventilation rates will decrease with efforts to

decrease fugitive air emissions (e.g., replacement of riser gaskets, sealing pit covers), and as the
waste itself cools (i.e., thermal buoyancy forces that enhance ventilation diminish).

8-9
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Table 8-2. Average Ventilation Rates for Selected Tanks.

® : . Average Ventilation Rate, v
Tank Tracer Gas Time Period r— o
ft"/min m'/h
A-101* He Jul 9 - Jul 15, 1997 10 17
AX-102 He Aug 28 - Sep 8, 1997 16 28
AX-103* He Feb 28 - Mar 3, 1997 25 42
BY-105 He Apr 17 - May 8, 1997 16 27
C-107 He Feb 21 - Mar 21, 1997 1.1 1.9
S-102* He Sep 24, 1996 - Feb 11, 1997 2.2 3.8
TX-104 He Jan 14 - Feb 12, 1997 3.5 5.9
U-102 He Jan 9 - Mar 24, 1998 2.1 335
U-103* | SFs and He | Feb 27 - Oct 22, 1997 1.7 3.0
U-103* He Nov 18, 1997 - Jan 8, 1998 23 4.0
U-103* He Jan 8 - Mar 24, 1998 09<v<6.6 15<v<ll
U-105* He Jul 15 - Aug 13, 1997 5.0 8.5
U-106 He Jan 9 - Mar 24, 1998 1.3 2.2
U-111 He Jan 9 - Mar 24, 1998 1.9 3.2

(a) Asterisk indicates the tank is on the Flammable Gas Watch List.

8.3 SUMMARY OF HEADSPACE FLAMMABILITY

The dilution of gases released from the waste by mixing within the tanks' headspaces and
removal of the gas by forced or natural ventilation prevent hazardous flammable regions from
developing in the tank headspace during steady state or following episodic releases. Extensive
sampling and monitoring of the Flammable Gas Watch List SSTs for the principal flammable
species have demonstrated this. The highest observed concentrations of hydrogen, ammonia,
methane, and the total non-methane organic vapors in each of the Flammable Gas Watch List
SSTs is listed in Table 8-3, along with the calculated percentage of lower flammability limit
(% LFL) in air using LeChatelier’s rule (Mahoney et al. 2000). The hydrogen concentrations
listed in the table are generally the maximum observed value from years of continuous
monitoring (the only exception is the maximum hydrogen concentration in tank A-101, which
was measured in a SHMS grab sample before the SHMS monitoring instruments were
operational). Many of the other values in the table were obtained from samples collected at
essentially random times.

Based on the values listed in Table 8-3, hydrogen is the highest contributor to flammability in

each of the Flammable Gas Watch List SSTs. Ammonia is generally the second highest
contributor, although the observed ammonia concentrations are so low in several tanks that their
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contribution to flammability is lower than that of the near-ambient air levels of methane.”” The

flammability contribution of organic gases and vapors is negligible.

Table 8-3. Maximum Observed Concentrations of Flammable Species

. 'H_ydrogen“) ) Amian!ia(Z) Methane® T_é’_ﬁ;lffin{rme | Total
1 ‘Max, ' iax. | Max. o o | Max, " % of
T o | omar | o | R | cm | R | ome | B cm
(ppmy) {ppmy) (ppmy) ~ ] (mg/m)

A-101 1,540 3.9 1,400 0.9 14 0.028 26 0.06 4.9
AX-101 540 1.4 42 0.03 3| 0.006 1.1 0.003 14
AX-103 3,880 97 42 0.03 3 0.006 0.52 0.001 9.7
S-102 3,780 9.5 797 0.5 17 0.034 28 0.07 10.1
S-111 1,270 3.2 122 0.08 6 0.012 2 0.005 33
S-112 490 1.2 89 0.06 5 0.010 3.2 .02 1.3
SX-101 400 1.0 3.8 0.003 2 0.004 0.99 0.002 1.0
SX-102 740 1.9 16 0.01 3 0.006 1.2 0.003 1.9
SX-103 640 1.6 1,470 1.0 3 0.006 0.78 0.002 2.6
SX-104 580 1.5 25 0.02 11 0.022 1.2 0.003 1.5
SX-105 710 1.8 28 0.02 4 0.008 2 0.005 1.8
SX-106 560 1.4 179 0.12 9 0.018 2.3 0.005 1.5
SX-109 890 2.2 17 0.01 2 0.004 0.82 0.002 2.2
T-110 500 1.3 108 0.07 5 0.010 1.1 0.003 1.3
U-103 4,870 12 730 0.5 22 0.044 11 0.03 12.7
U-105 3,680 9.2 5,200 3.5 60 0.12 3.1 0.007 12.8
U-107 1,900 4.8 453 0.3 17 (.034 16 0.04 5.1
U-108 3,280 8.2 692 0.5 20 0.040 12 0.03 8.7
U-109 4,930 12 577 0.4 14 0.028 9.2 (.02 12.8
Notes:

) Hydrogen LFL = 40,000 ppmv. Tank A-101 result is from SHMS grab sample (McCain 2000), all other

hydrogen results are from SHMS monitoring instrumentation (see Table 5-5),

@ Ammonia LFL = 150,000 ppmv. Tanks A-101, SX-103, and U-105 results are from SHMS monitoring
instrumentation (see Table 5-5), all other ammonia results are from sorbent trap vapor samples (see Table 5-9).
®) Methane LFL = 50,000 ppmv. All methane results are from SHMS grab samples (McCain 2000).
“ Total non-methane organic vapor LFL = 42,000 mg/m’ (the LFL of propane). All organic vapor results are
from sorbent trap or SUMMA canister vapor samples (see Table 5-9).
® Total % of LFL is sum of individual component % of LFL, by Le Chatelier’s law. Note: The total may be

based on individual gas concentrations measured on different dates,

19 . . . .
Methane is present in ambient air (from natural sources) at about 2 ppmv.

8-11



RPP-7249 Rev. 0

This page intentionally left blank.

3-12




RPP-7249 Rev.0

9.0 OVERALL SUMMARY AND CONCLUSIONS

The configurations of the wastes in the nineteen SSTs on the Flammable Gas Watch List are
undergoing change as liquid is removed by saltwell pumping. These tanks, which have a rather
wide variety of waste, have been monitored before, during, and after saltwell pumping
operations. The results from measurements of headspace hydrogen concentrations, waste
temperatures, levels, and liquid content coupled with data about the chemical compositions of the
wastes, the volumes and compositions of the gas retained in the waste prior to saltwell pumping,
and physical models describing hydrogen generation and the gas retention and release
mechanisms provide a reasonable basis from which conclusions can be drawn.

The waste configuration in each of these tanks was stable, prior to saltwell pumping. The wastes
were cooling slowly, except in tanks whose temperatures were already near ambient. The waste
levels are nearly constant, and the configuration and dimensions of waste layering was not
changing.

Saltwell pumping is causing major changes to the waste configuration, decreasing the amount of
liquid and lowering the interstitial liquid level. Neutron logs indicate that liquid remaining in the
unsaturated zone after pumping drains slowly leaving a considerable volume of interstitial liquid
above the final ILL for several years. Saltwell pumping can lead to subsidence of the waste
creating a pronounced surface concavity as has occurred in tank S-112, which was pumped over
twenty years ago. Such a subsidence may be accompanied by a gas release. However, SHMS
data for periods after saltwell pumping have not shown any significant gas releases.

The data from the RGS, BPE calculations, and integration of the neutron logs show that 50 to
400 cubic meters of gas was retained in each of the nineteen tanks prior to pumping. Ten of the
tanks had more than 200 cubic meters. The RGS data indicate the gas retained in the solid-liquid
matrix contains up to 70-vol% hydrogen. Most of the tanks contain enough gas to exceed the
LFL, if all of it were promptly released into the headspace. However, only a sudden, violent
disturbance to the entire waste volume would cause such a release.

Spontaneous and induced gas releases have been monitored before, during, and after saltwell
pumping. The volumes of gas released in spontaneous events from the tanks on the Flammable
Gas Watch List have been less than 3 cubic meters and the maximum headspace hydrogen
concentration was 2,190 ppm (only 5.5% of the LFL of 40,000 ppm). These gas releases are
slow; several hours to several days are required. These results are compatible with models that
have been developed to describe the physical factors governing gas bubble retention and release.

Retained gas is also released from the waste during saltwell pumping as liquid is withdrawn,

Gas releases approximately correlate with the pumping rate with about a day lag. The individual
releases resulting from saltwell pumping have been only slightly larger than spontaneous
releases. The maximum hydrogen concentration recorded during saltwell pumping was

7,200 ppm (18% of the LFL). Calculations performed for one tank indicate that 25 to 50% of the
retained gas inventory may be released during saltwell pumping.
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The model for the hydrogen generation rate indicates that removal of interstitial and supernatant
liquid from the waste will decrease the rate of hydrogen generation in SSTs on the Flammable
Gas Watch List by 10 to 25%. A much larger decrease can be expected in tanks A-101 and
AX-101 because they contain a much higher volume of drainable liquid.

Although 25 to 50% of the retained gas is released during saltwell pumping and the gas
generation rate decreases as a result of liquid removal, sufficient gas may still be retained in
some tanks after pumping that, if all of it were promptly released into the headspace, the LFL
would be exceeded. Like the unpumped tanks, however, only a hypothetical viclent, tank-wide
waste disturbance could cause such a large release.

In conclusion, the work during the past ten years has provided a realistic understanding of the
factors governing the generation, retention, and release of gas in SST wastes. Monitoring and
study of the behavior of these wastes indicate that they contain significant volumes of gas with a
high concentration of hydrogen. However, spontaneous and induced releases of this gas have
been sufficiently small and slow that passive ventilation has mitigated the hazard. No new,
unforeseen hazards have been identified. Overall, the SSTs on the Flammable Gas Watch List do
not present an unmanageable hazard.
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APPENDIX A

INFORMATION ON TANKS 241-S-103 AND 241-S-106

Tanks S-103 and S-106 are not on the Flammable Gas Watch List but share many of the
characteristics of those that are. Various aspects of these two tanks are discussed in several
sections of the report, and it is useful to have the same kind of background information provided
for the other tanks. These data are given in this appendix to avoid confusion with those on the
watch list.

Both of these tanks were included in an evaluation that was performed in 1996 (Evaluation of
Recommendation for Addition of Tanks to the Flammable Gas Watch List,
WHC-SD-WM-ER-594, Rev. 0), and it was concluded that no additional tanks should be added
to the Watch List at that time. The main reasons for this conclusion that pertained to tanks S-103
and S-106 were: (1) the data were highly variable and lack the precision and accuracy necessary
to make estimates of retained gas, and (2) the physical mechanism responsible for a large
spontaneous release of gas was not supported by data or conceptual physical models.

Each tank is covered in its own section: Tank S-103 in A.1 and Tank S-106 in A.2. Each
section covers the tank history, installed instrumentation, and waste configuration data.

A.1 TANK 241-5-103 DESCRIPTION

Tank S-103 was constructed between 1950 and 1951, and is located in the 200 West area. The
tank has a design capacity of 2,869 kL (758 kgal), and is the third tank in a cascade series of
three tanks including tanks S-101 and S-102. The tank entered service in the fourth quarter of
1953. It received Reduction Oxidation (REDOX) process waste (R1) from the fourth quarter of
1953 until the fourth quarter of 1973. REDOX waste was the high-level component of the
process waste. From the fourth quarter of 1973 until the second quarter of 1976, the tank
received bottoms and recycle streams from the 242-S-Evaporator/Crystallizer. In the fourth
quarter of 1976, the tank was used as a low-heat evaporator dump tank containing evaporator
feed waste. Between the second quarter of 1978 and the fourth quarter of 1980, tank S-103 was
classified as having non-complexed, partial neutralized feed, and double-shell slurry feed wastes.
The tank was declared inactive in 1980, and was partial isolated in December 1982. The tank
was saltwell pumped in 1999 and was declared interim stabilized on April 18, 2000.

Tank S-103 presently contains 897 kL (237 kgal) of double-shell slurry feed. Waste volume
calculations show 170 kL (45 kgal) of drainable interstitial liquid remaining in the tank of which
approximately 148 kL (39 kgal) is estimated to be pumpable.
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A.1.1 Tank 241-S-103 Monitoring and Sampling

The placement of major in-tank instrumentation is shown in Figure A-1. Currently, the waste
level is measured by an ENRAF™ buoyancy gauge system located in riser 3, which was installed
in May 1994. Vertical temperature measurements are taken from a single thermocouple tree
mounted in Riser 4, which is monitored and recorded through the TMACS system. Riser 2
accommodates a liquid observation well. Tank S-103 does not have headspace gas monitoring
equipment. In September 1998, liquid grab samples were taken from Riser 5, which now
contains a saltwell screen and pump.

S-103

v S?Saliwell Screen

\T’ / / /
e
\ i

Figure A-1. Tank 241-S-103 Sample and Monitoring Risers

A.1.2 Tank 241-S-103 Waste Configuration

The waste in tank S-103 is classified as double-shell slurry feed, as is tank S-102. The waste
level is currently 94 inches, and the ILL is just over 92 inches. The tank was saltwell pumped
between June 4, 1999, and January 4, 2000, during which 28 kgal out of an initially estimated
52 kgal of drainable liquid were removed. The saltwell pumping history in tank $-103 is
summarized in Figure A-2, The retained gas volume fraction prior to pumping was 0.12 based
on the neutron logs and 0.14 via the BPE method.
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The waste levels and neutron logs for tank $-103 are shown in Figures A-3 and A-4, -
respectively, Prior to pumping, the level was rising at less than 1/2 inch per year while the ILL
was constant. During pumping, the ILL dropped about 13 inches while the surface level dropped
12 inches. The neutron logs show that most of the liquid was removed from the upper 15 inches
of the waste column. However, the region below about 85 inches did not change significantly.
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Figure A-2. Tank 241-S-103 Saltwell Pumping History
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The waste temperature history given in Figure A-5 shows that the waste temperature was
approximately constant prior to pumping with an annual cycle of 2 to 5 °F. Pumping had no
dramatic effect on temperatures. The waste temperatures range from 94 to 100 °F.

A.2 TANK 241-S-106 DESCRIPTION

Tank S-106, constructed during 1950 and 1951, is third in a cascade series of three tanks
beginning with tanks S-104 and S-105, each tank set one foot lower in elevation from the
preceding tank. This tank was filled with waste from the reduction-oxidation (REDOX) facility
from the second quarter of 1953 until the third quarter of 1953. The tank received REDOX
cladding waste (CWR) in 1955, and evaporator bottoms from the 242-S Evaporator via tank
5-102 from 1973 to 1975. The tank was removed from service in 1976 and was partially isolated
in 1982. A liquid observation well was installed in December 1980, and a jet pump was installed
in 1983. From 1983 to 1984, 378 kL (99.8 kgal) of liquid was pumped from the tank. Tank
S-106 has an operating capacity of 2,870 kL (758 kgal) and presently contains an estimated
1,813 kL (479 kgal) of non-complexed waste. The tank is not on the Watch List.
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Figure A-5. Tank 241-S-103 Waste Temperature History
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A.2.1 Tank 241-S-106 Monitoring and Sampling

The placement of major in-tank instrumentation is shown in Figure A-6. The waste surface level
was measured by a manual tape until June 1981 and by a Food Instrument Corporation (FIC)
gauge until June 1994 when the current ENRAF™ buoyancy gauge system was installed in
Riser 3. Vertical temperature measurements are taken from a single thermocouple tree in

Riser 2, with 14 thermocouples, which are monitored and recorded through the TMACS system.
Riser 4 accommodates a liquid observation well, and Riser 5 contains a saltwell screen and

pump.

Push core sample and RGS measurements were obtained from Risers 7 and 8 in February and
March 1997. A SHMS E+ gas monitoring system was installed March 1998.

S-106
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Figure A-6 Tank 241-S-106 Sample and Monitoring Risers

A.2.2 Tank 241-S-106 Waste Configuration

Tank §-106 waste is saltcake classified as non-complexed, like tanks S-111 and S-112. Saltwell
pumping began April 16, 1999, and ended January 6, 2000. The tank is currently being
evaluated for interim stabilization. Pumping removed 109 kgal of liquid, which is considerably
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more than the initial estimate of 76 kgal of drainable liquid. The saltwell pumping history in
tank S-106 is summarized in Figure A-7. The retained gas volume fraction based on RGS
measurements prior to pumping was 0.10. The BPE method indicated a gas fraction of 0.23
while the neutron logs imply 0.14.

The waste levels and neutron logs for tank S-106 are shown in Figures A-8 and A-9,
respectively. Prior to pumping, the waste level was rising by about 1 inch per year, which
represents an accumulated gas volume fraction of about 0.10, consistent with RGS measurements
above. This level rise rate is higher than any of the Watch List tanks. During pumping, the ILL
dropped to 159 inches, but recovered 17 inches to its current level after about a year liquid in the
unsaturated region continued to drain slowly. Saltwell pumping released one-third to one-half of
the stored gas in the tank. The neutron logs show the result of a very successful saltwell
pumping campaign. A significant fraction of the liquid was removed from the entire waste
column above about 30 inches. The waste density profile is shown in Figure A-10 along with the
1997 neutron profile. The low densities above the 100-inch level indicate a high liquid content,

The waste temperature history is given in Figure A-11. Tank S-106 is a relatively cool tank with
a peak temperature of about 76 °F. The temperatures were essentially constant prior to pumping,
ranging from 70 to 80 °F with an annual cycle of 1 to 6 °F. The temperatures have decreased
about 4 °F since saltwell pumping with approximately the same annual cycle amplitude.
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Figure A-7. Tank 241-S-106 Saltwell Pumping History
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